A scientific and clinical evaluation of dental implants placed in compromised bone volume by Browaeys, Hilde
A	  SCIENTIFIC	  AND	  CLINICAL	  EVALUATION	  	  
OF	  DENTAL	  IMPLANTS	  PLACED	  IN	  	  
COMPROMISED	  BONE	  VOLUME	  
Thesis	  submi:ed	  to	  obtain	  the	  degree	  of	  	  
Doctor	  in	  Medical	  Sciences	  
Hilde	  Browaeys	  
©	  Hilde	  Browaeys.	  All	  rights	  reserved.	  No	  part	  of	  this	  publica;on	  may	  be	  reproduced,	  
stored	  in	  a	  retrieval	  system,	  or	  transmi?ed,	  in	  any	  form	  or	  by	  any	  means,	  electronic,	  
mechanical,	  photocopying,	  recording	  or	  otherwise	  without	  the	  prior	  permission	  in	  












Prof. Dr. Hugo De Bruyn 
Universiteit Gent, UZ Gent, Afdeling parodontologie en orale implantologie 
 
Dr. Stefan Vandeweghe 







Prof. Dr. Luc Martens 
Universiteit Gent, UZ Gent, Facultaire doctoraatscommissie (Voorzitter) 
 
Prof. Dr. Jan Cosyn 
Vrije Universiteit Brussel, Universiteit Gent,  
Afdeling parodontologie en orale implantologie (Secretaris) 
 
Prof. Dr. Arjan Vissink 
Rijksuniversiteit Groningen, Oral and Maxillofaciale heelkunde 
 
Prof. Dr. Constantinus Politis 
Katholieke Universiteit Leuven, UZ Leuven, Mond-Kaak-en Aangezichtschirurgie 
 
Dr. Philippe Deron 
Universiteit Gent, UZ Gent, Hoofd- en Halschirurgie 
 
Prof. Dr. Serge Schepers 
Universiteit Gent, UZ Gent, Ziekenhuis Oost-Limburg, Mond-Kaak- en Aangezichtschirurgie 
   
Prof. Dr. Calix De Clercq 













	   TABLE	  OF	  CONTENTS
	   	   	  
TABLE	  OF	  CONTENTS	  
	  
List	  of	  abbreviations	  
Glossary	  
	  
Chapter	  1.	   General	  Introduction	  
	  
1.1 Bone	  Healing	  in	  conjunction	  with	  biomaterials	  and	  grafting	  procedures	  
1. Biology	  of	  bone	  healing	  
2. Bone	  healing	  in	  extraction	  sockets	  without	  and	  with	  biomaterials	  
3. Bone	  healing	  in	  onlay	  grafts	  
4. Bone	  healing	  in	  sinus	  elevation	  procedures	  
5. Biomaterials	  in	  grafting	  procedures	  
	  
1.2 Sinus	  augmentation	  
1. Surgical	  techniques	  
2. Bone	  substitutes	  in	  sinus	  augmentation	  procedures	  
	  
1.3 Implant	  treatment	  outcome	  
1. Treatment	  outcome	  in	  non-­‐grafted	  sites	  
2. Treatment	  outcome	  in	  grafted	  sites	  
	  
1.4 Speech	  and	  implant	  rehabilitation	  outcome	  
	  
	  
Chapter	  2.	   Aims	  
	  
	  
Chapter	  3.	   Biomaterial	  in	  extraction	  sockets	  
	  
	  
Chapter	  4.	   Biomaterials	  in	  sinus	  augmentation	  procedures	  
	  
5
	   TABLE	  OF	  CONTENTS
	   	   	  
	  
Chapter	  5.	  	   Factors	  associated	  with	  implant	  failure	  
	  
	  
Chapter	  6.	   Bone	  loss	  around	  implants	  in	  flapless	  surgery	  
	  
	  
Chapter	  7.	  	   Long	  term	  bone	  loss	  in	  cross-­‐arch	  rehabilitations	  
	  
	  
Chapter	  8.	  	   Human	  histology	  after	  sinuslifting	  procedures	  
	  
	  
Chapter	  9.	  	   Impact	  of	  a	  fixed	  prosthetic	  rehabilitation	  on	  speech	  and	  oral	  function	  
	  
	  
Chapter	  10.	   Comparison	  of	  speech	  and	  oral	  function	  with	  different	  dental	  prostheses	  
	  
	  
Chapter	  11.	   General	  Discussion	  
	  
11.1	   	   Bone	  healing	  in	  conjunction	  with	  biomaterials	  and	  grafting	  procedures	  
1. Bone	  substitutes	  for	  ridge	  preservation	  
2. HA	  and	  β-­‐TCP	  as	  socket	  filler	  (paper	  1)	  
3. Bone	  grafts	  with	  or	  without	  biomaterials	  in	  sinus	  augmentation	  (paper	  2)	  
11.2	   	   Clinical	  outcome	  of	  implants	  
1. Factors	  related	  to	  implant	  survival	  (paper	  3)	  
6
	   TABLE	  OF	  CONTENTS
	   	   	  
2. Clinical	  outcome	  of	  dental	  implants	  in	  compromised	  bone	  	  
i. Definition	  of	  compromised	  bone	  
ii. Implant	  treatment	  using	  the	  “all-­‐on-­‐four”	  concept	  with	  flapless	  
surgery	  (paper	  4)	  
iii. Retrospective	  analysis	  of	  bone-­‐loss	  in	  cross-­‐arch	  rehabilitations	  
in	  edentulous	  jaws	  (paper	  5)	  
iv. Osseotite®	  and	  NanotiteTM	  implant	  outcome	  (paper	  6)	  
v. Histologic	  evaluation	  of	  micro-­‐implants	  in	  sinuslifting	  (paper	  6)	  
11.3	   	   Speech	  and	  implant	  rehabilitation	  outcome	  (paper	  7	  en	  8)	  
	  
Chapter	  12.	   	   Conclusion	  and	  Practical	  guidelines	  
	  
	  













LIST	  OF	  ABBREVIATIONS	  
AR	   Alveolar	  Ridge	  
BIC	   Bone-­‐to-­‐Implant	  Contact	  
AB	   Autogenous	  Bone	  
DFDBA	   Demineralised	  Freeze-­‐Dried	  Bone	  Allograft	  	  	  	  	  h:	  human	  	  	  	  	  s:	  sheep	  
BBM	   Bovine	  Bone	  Mineral	  
BMP	  (-­‐7)	   Bone	  Morphogenic	  Protein	  
GBR	   Guided	  Bone	  Regeneration	  
HA	   HydroxyApatite	  
pHA	   Porous	  HydroxyApatite	  
Β-­‐TCP	   Beta-­‐Tri-­‐Calcium-­‐Phosphate	  
PRP	   Platelet	  Rich	  Plasma	  
CBCT	   Cone-­‐Beam-­‐CT	  
PDGF	   Platelet	  Derived	  Growth	  Factor	  
TGF-­‐β	   Transforming	  Growth	  Factor	  beta	  
SLA	   Sand-­‐blasted	  with	  Large	  grit	  and	  Acid	  etched	  
CSD	   Critical	  Size	  Defect	  	  
Rh-­‐BMP-­‐2	   Recombinant	  human	  Bone	  Morphogenetic	  Protein	  2	  
IFCD	   Implant	  Fixed	  Complete	  Denture	  
MsL	   Microscrew	  Loaded	  
MsU	   Microscrew	  Unloaded	  








Extraction	  socket	  preservation	  
any	  therapeutic	  approach	  carried	  out	  immediately	  after	  tooth	  extraction	  aimed	  to	  preserve	  the	  
alveolar	  socket	  architecture	  and	  to	  provide	  the	  maximum	  bone	  availability	  for	  implant	  placement.	  
Immediate	  loading	  	  
the	  implant-­‐supported	  prosthesis	  is	  connected	  within	  72	  hours	  after	  implant	  insertion.	  
Early	  loading	  
the	  implant-­‐supported	  prosthesis	  is	  connected	  within	  2	  months	  after	  implant	  insertion.	  
Delayed	  loading	  
the	  implant-­‐supported	  prosthesis	  is	  connected	  at	  least	  3	  months	  after	  implant	  insertion.  
Immediate functional loading 
a	  procedure	  of	  implant	  placement	  in	  conjunction	  with	  prosthetic	  loading	  (within	  3	  days	  after	  surgery)	  
whereby	  the	  prosthesis	  is	  in	  full	  occlusal	  contact	  with	  the	  opposing	  teeth.	  	  
Abutment	  
portion	  of	  a	  dental	  implant	  that	  serves	  to	  support	  and	  retain	  a	  prosthesis.	  
Angulated	  abutment	  
any	  enosteal	  dental	  implant	  abutment	  which	  alters	  the	  long	  axis	  angulation	  of	  the	  dental	  implant	  	  
Jumping	  distance	  
the	  gap	  between	  the	  bone	  of	  the	  alveolar	  socket	  and	  the	  implant	  
Bone-­‐to-­‐implant	  contact	  
radiographic	  description	  of	  the	  crestal	  level	  where	  the	  bone	  is	  in	  closest	  contact	  with	  the	  implant=	  
the	  bone	  or	  osteoid	  in	  actual	  contact	  with	  the	  implant	  surface.	  
Peri-­‐implant	  bone	  level	  
the	  distance	  from	  the	  implant-­‐abutment	  borderline	  to	  the	  most	  coronal	  point	  of	  contact	  between	  
marginal	  bone	  and	  implant	  surface.	  
Autogenous	  graft	  




Xenogenic	  graft=	  xenograft	  
graft	  taken	  from	  a	  donor	  of	  another	  species.	  Anorganic	  bovine	  and	  equine	  bone	  predominate.	  
Chemical	  removal	  of	  the	  organic	  component	  creates	  a	  mineral	  scaffold.	  	  (Example	  BBM	  and	  pHA)	  
Allogenic	  graft=	  allograft	  
graft	  transferred	  between	  genetically	  dissimilar	  members	  of	  the	  same	  species.	  Cadaver	  bone	  is	  
harvested	  and	  various	  techniques	  (freeze	  drying	  and	  irradiation)	  reduce	  antigenicity.	  The	  grafts	  are	  
then	  sterilized	  and	  supplied	  by	  specially	  licensed	  tissue	  banks.	  (Example	  is	  DFDB)	  
Alloplastic	  graft=	  alloplasts	  
inorganic,	  synthetic	  biocompatible	  bone	  substitute.	  There	  are	  many	  types	  classified	  in	  terms	  of	  
porosity	  as	  dense,	  macro-­‐porous,	  micro-­‐porous,	  and	  either	  crystalline	  or	  amorphous.	  The	  structure	  
influences	  performance.	  (Example	  HA,	  β-­‐TCP,	  bioactive	  glass)	  
Growth	  factors	  
a	  complex	  family	  of	  polypeptide	  hormones	  or	  biological	  factors	  that	  are	  produced	  by	  the	  body	  to	  
control	  growth,	  division	  and	  maturation	  of	  blood	  cells	  by	  the	  bone	  marrow.	  They	  regulate	  the	  
division	  and	  proliferation	  of	  cells.	  Perturbation	  of	  growth	  factor	  production	  or	  of	  the	  response	  to	  
growth	  factor	  is	  important	  in	  neoplastic	  transformation;	  examples	  include	  epidermal	  growth	  factor,	  
platelet-­‐derived	  growth	  factor,	  fibroblast	  growth	  factor,	  transforming	  growth	  factors.	  
Platelet-­‐rich	  plasma	  
a	  volume	  of	  autologous	  plasma	  that	  has	  a	  platelet	  concentration	  above	  baseline.	  Normal	  platelet	  
counts	  in	  blood	  range	  between	  150,000/μL	  and	  350,000/μL	  (average	  about	  200,000/μL).	  Because	  the	  
scientific	  proof	  of	  bone	  and	  soft	  tissue	  healing	  enhancement	  has	  been	  shown	  using	  PRP	  with	  
1,000,000	  platelets/μL,	  it	  is	  this	  concentration	  of	  platelets	  in	  a	  5-­‐ml	  volume	  of	  plasma	  which	  is	  the	  
working	  definition	  of	  PRP	  today.	  Because	  PRP	  is	  developed	  from	  autologous	  blood,	  it	  is	  inherently	  
safe	  and	  is	  free	  from	  transmissible	  diseases	  such	  as	  HIV	  and	  hepatitis.	  Within	  PRP,	  the	  increased	  
number	  of	  platelets	  delivers	  an	  increased	  number	  of	  growth	  factors	  to	  the	  surgical	  area.	  The	  seven	  
known	  growth	  factors	  in	  PRP	  are:	  platelet	  derived	  growth	  factor	  as	  PDGFaa,	  PDGFbb,	  PDGFab,	  
transforming	  growth	  factor	  beta-­‐,	  TGF-­‐b	  (transforming	  growth	  factor),	  TGF-­‐b2,	  vascular	  endothelial	  
growth	  factor	  (VEGF),	  and	  epithelial	  growth	  factor	  (EGF).	  Platelet	  Rich	  Plasma	  is	  not	  osteo-­‐inductive.	  
It	  cannot	  induce	  new	  bone	  formation	  de	  novo.	  Only	  the	  bone	  morphogenetic	  proteins	  (BMPs)	  are	  
known	  to	  induce	  bone	  de	  novo.	  PRP	  acts	  on	  healing	  capable	  cells	  to	  increase	  their	  numbers	  
(mitogenesis)	  and	  stimulate	  vascular	  ingrowth	  (angiogenesis).	  Therefore,	  it	  is	  unlikely	  to	  significantly	  
promote	  bone	  substitutes	  and	  other	  non-­‐cellular	  graft	  materials.	  However,	  because	  it	  has	  been	  
shown	  to	  stimulate	  autogenous	  bone	  grafts,	  it	  is	  likely	  to	  enhance	  the	  bone	  formation	  when	  applied	  





Guided	  bone	  regeneration	  
treatment	  of	  wound	  tissue	  using	  micro-­‐porous	  membranes	  as	  barriers,	  so	  that	  only	  specific	  desired	  
types	  of	  cells	  can	  enter	  the	  wound	  and	  regenerate.	  
Osteoconduction	  
provision	  of	  a	  scaffold	  for	  the	  growth	  of	  new	  bone.	  
Osteoinduction	  
the	  act	  or	  process	  of	  stimulating	  osteogenesis.	  
Osteopromotion	  
involves	  the	  enhancement	  of	  osteoinduction	  without	  the	  possession	  of	  osteoinductive	  properties.	  
For	  example,	  enamel	  matrix	  derivative	  has	  been	  shown	  to	  enhance	  the	  osteoinductive	  effect	  of	  
demineralized	  freeze	  dried	  bone	  allograft	  (DFDBA),	  but	  will	  not	  stimulate	  de	  novo	  bone	  growth	  
alone.	  
Osteogenesis	  
the	  formation	  and	  growth	  of	  new	  bone.	  
Biomaterial	  
any	  substance	  used	  to	  create	  a	  medical	  device	  for	  diagnosis,	  prevention,	  control	  or	  therapy	  of	  a	  
human	  disease,	  provided	  it	  persists	  in	  the	  body	  for	  at	  least	  30	  days	  after	  implantation.	  
Bioactive	  material	  
a	  material	  that	  encourages	  bone	  growth.	  
Implant	  survival	  
defined	  as	  the	  percentage	  of	  implants	  that	  are	  still	  in	  the	  jaw	  at	  follow-­‐up	  but	  where	  criteria	  for	  
success	  of	  failure	  are	  not	  met.	  
Implant	  success	  
defined	  according	  to	  the	  criteria	  proposed	  by	  the	  European	  Academy	  of	  Periodontology	  as	  all	  
individual	  implants,	  exhibiting	  less	  than	  1.5	  mm	  bone	  remodeling	  during	  the	  first	  year	  of	  loading	  and	  
thereafter	  less	  than	  0.2mm	  annually.	  
Bone	  fraction	  
the	  percentage	  of	  the	  total	  bone	  fraction.	  
Bone	  level	  






amount	  of	  peri-­‐implant	  bone	  lost	  between	  two	  given	  intervals.	  
Immediate	  (simultaneous)	  implant	  placement	  
the	  implant	  is	  placed	  immediately	  after	  tooth	  extraction,	  into	  the	  extraction	  socket.	  
Delayed	  implant	  placement	  
the	  implant	  is	  placed	  6	  to	  8	  weeks	  after	  extraction.	  
Critical	  size	  defect	  	  
a	  defect	  in	  the	  bone	  that	  will	  not	  heal	  without	  intervention.	  It	  is	  the	  smallest	  size	  tissue	  defect	  that	  
will	  not	  completely	  heal	  over	  the	  natural	  life	  time.	  
Carcinogenic	  
pertaining	  to	  the	  ability	  to	  cause	  the	  development	  of	  a	  cancer.	  
Antigenic	  
having	  the	  properties	  of	  an	  antigen.	  
Antigen	  
any	  substance	  capable	  of	  inducing	  a	  specific	  immune	  response	  and	  reacting	  with	  the	  products	  of	  that	  
response.	  	  
Non-­‐submerged	  implant	  
when	  the	  head	  of	  the	  implant	  is	  protruding	  out	  of	  the	  mucosa.	  
Versatile	  
usable	  in	  several	  clinical	  fields.	  
1-­‐stage	  implant	  procedure	  
after	  implant	  insertion,	  the	  permucosal	  connection	  with	  the	  oral	  cavity	  is	  assured	  by	  mounting	  a	  
healing	  abutment	  onto	  the	  implant.	  The	  mucosal	  tissues	  are	  sutured	  around	  the	  healing	  abutment.	  
or	  







2-­‐stage	  implant	  procedure	  
after	  implant	  insertion,	  a	  cover	  screw	  is	  connected	  to	  the	  implants	  and	  the	  soft	  tissues	  are	  sutured	  
over	  the	  implant,	  allowing	  a	  submerged	  healing.	  A	  second	  surgical	  intervention	  is	  necessary	  to	  
expose	  the	  implants	  to	  the	  oral	  cavity	  after	  integration.	  
or	  
the	  graft	  in	  the	  bottom	  of	  the	  sinus	  may	  be	  left	  to	  heal	  primarily	  before	  implants	  are	  placed	  in	  a	  
second	  surgery.	  
Osseointegration	  
firstly	  introduced	  by	  Brånemark	  in	  1977	  and	  defined	  as	  the	  maintenance	  of	  a	  direct	  structural	  and	  
functional	  connection	  between	  living	  bone	  and	  the	  implant	  surface.	  Although	  this	  definition	  is	  based	  
on	  a	  histological	  evaluation	  of	  bone	  to	  implant	  contact,	  this	  term	  is	  today	  used	  clinically	  when	  
speaking	  about	  successful	  implants.	  
Early	  implant	  failure	  
implant	  loss	  before	  loading	  with	  the	  definitive	  prosthesis,	  due	  to	  the	  inability	  to	  establish	  an	  intimate	  
bone-­‐to-­‐implant	  contact,	  whereby	  the	  implant	  becomes	  surrounded	  by	  fibrous	  scar	  tissue	  leading	  to	  
mobility	  and	  eventually	  implant	  loss.	  
Late	  implant	  failure	  
implant	  loss	  following	  normal	  osseointegration	  and	  after	  loading	  with	  the	  definitive	  prosthesis.	  
MKIII	  implant	  
the	  implant	  features	  a	  universal,	  self-­‐tapping	  design	  that	  could	  be	  used	  for	  all	  treatment	  indications.	  
It	  consists	  of	  a	  two-­‐piece	  implant	  with	  an	  external	  hexagon	  abutment	  connection	  and	  a	  parallel	  
design	  to	  facilitate	  placement.	  
MKIV	  implant	  
the	  implant	  features	  a	  tapered	  design,	  an	  external	  hexagon	  abutment	  connection	  and	  double	  
threads.	  
NobelSpeedy	  implant	  
features	  a	  straight	  implant	  body,	  a	  narrow	  implant	  tip	  with	  engaging	  threads	  that	  extended	  to	  the	  
apex	  of	  the	  implant,	  an	  implant	  collar	  with	  the	  same	  diameter	  as	  the	  treaded	  portion	  of	  the	  implant	  







abbreviation	  of	  “	  Oral	  Health	  Impact	  Profile	  “	  questionnaire.	  
not	  necessarily	  reflect	  the	  problems	  that	  people	  experience	  as	  a	  result	  of	  their	  dentition.	  There	  is	  a	  
difference	  between	  clinicians’	  evaluation	  and	  public’s	  evaluation	  of	  oral	  health.	  The	  capacity	  of	  
dental	  clinicians	  and	  researchers	  to	  assess	  oral	  health	  has	  been	  hampered	  by	  limitations	  in	  
measurements	  of	  the	  levels	  of	  dysfunction,	  discomfort	  and	  disability	  associated	  with	  oral	  disorders.	  
The	  purpose	  of	  the	  Oral	  Health	  Impact	  Profile	  (Slade	  and	  Spencer,	  1994)	  is	  to	  provide	  a	  measure	  of	  
the	  social	  impact	  of	  the	  oral	  disorder	  and	  to	  provide	  a	  comprehensive	  measure.	  Slade	  and	  Spencer	  
adapted	  seven	  dimensions	  of	  impact	  of	  oral	  condition	  (49	  questions	  and	  unique	  statements	  
describing	  the	  consequences	  of	  oral	  disorders).	  A	  shortened	  version	  (OHIP-­‐14)	  was	  later	  developed	  
based	  on	  2	  questions	  for	  each	  of	  the	  7	  dimensions	  (Slade,	  1997).	  The	  OHIP	  offers	  a	  reliable	  and	  valid	  
instrument	  for	  measurement	  of	  the	  social	  impact	  of	  oral	  disorders	  and/or	  treatments.	  
	  
Histomorphometry	  
the	  	  quantitative	  description	  of	  the	  morphology	  of	  histological	  structures	  in	  tissue	  sections.	  
Histomorphometry	  can	  be	  static	  or	  dynamic.	  Static	  involves	  the	  identification	  of	  cellular	  and	  tissue	  
components	  for	  the	  measurements	  of	  length	  (	  mm	  ),	  areas	  (	  mm2	  )	  and/or	  cell	  counts	  (	  #/mm	  ).	  
Dynamic	  histomorphometry	  in	  contrast	  makes	  use	  of	  fluorochromes,	  such	  as	  tetracycline,	  that	  are	  








Chapter	  1	  -­‐	  INTRODUCTION	  
	  
1	  
1.1 BONE	  HEALING	  IN	  CONJUNCTION	  WITH	  BIOMATERIALS	  AND	  GRAFTING	  
PROCEDURES	  
	  
Bone	   quality	   is	   one	   of	   the	   most	   important	   factors	   in	   the	   successful	   osseointegration	   of	   dental	  
implants.	   In	   implant	   dentistry,	   concepts	   as	   bone	   quality	   and	   compromised	   bone	   have	   never	   been	  
well	   defined.	   One	   can	   consider	   different	   types	   of	   compromised	   bone,	   due	   to	   alterations	   in	   the	  
mechanisms	   of	   bone	   formation,	   bone	   structure	   and	   bone	   vascularization.	   Bone	   can	   have	   reduced	  
quality	   among	   others	   due	   to	   grafting,	   irradiation	   bisphosphonate	   treatment,	   osteoporosis	   ,	  
medication	   use	   and	   genetic	   disorders.	   But	   bone	   can	   also	   be	   compromised	   by	   volumetric	   changes	  
among	  others	  related	  to	  tooth	  loss,	  periodontal	  disease,	  trauma	  and	  tumor	  resection.	  
The	  research	  undertaken	  in	  the	  course	  of	  	  this	  PhD	  project	  is	  limited	  to	  implant	  treatment	  in	  relation	  
to	  “compromised	  bone	  volume”.	  	  
	  
1.1.1	   Biology	  of	  bone	  healing	  
Tooth	   extraction	   is	   a	   common	  procedure	   in	   dentistry.	  Due	   to	   the	   loss	   of	   the	  periodontal	   ligament	  	  
and	  the	  bundle	  bone,	  the	  normal	  healing	  after	  extraction	  results	  in	  a	  significant	  loss	  of	  bone	  volume	  
and	  collapse	  of	  the	  surrounding	  soft	  tissues.	  By	  and	  large,	  the	  resorption	  of	  the	  alveolar	  ridge	  is	  more	  
pronounced	  on	  the	  buccal	  site	  than	  at	  the	  palatal/lingual	  portion	  1.	  The	  alteration	  of	  the	  bony	  ridge	  
occurs	   simultaneously	  with	   soft	   and	  hard	   tissue	  healing	   but	   the	   remodeling	   process	  may	   continue	  
after	  termination	  of	  ‘de	  novo	  bone	  formation’.	  
	  
1.1.2	   Bone	  healing	  in	  extraction	  sockets	  without	  and	  with	  biomaterials	  
The	   processes	   involved	   in	   the	   healing	   of	   an	   extraction	   socket	   have	   been	   studied	  mostly	   in	   animal	  
models	  2-­‐4.	  Only	  a	  few	  histological	  studies	  have	  documented	  	  bone	  healing	  in	  humans	  5,	  6.	  Using	  bone	  
biopsies	   it	  was	  shown	  that	  after	   tooth	  extraction,	   the	  socket	   is	   filled	  with	  a	  blood	  clot.	   Initially	   the	  
fibrin	  clot	  becomes	  filled	  with	  inflammatory	  cells	  programmed	  to	  prevent	  infection.	  After	  7	  days	  the	  
fibrin	   clot	   becomes	   granulation	   tissue,	   which	   contains	   blood	   vessels,	   fibroblasts	   and	   chronic	  
inflammatory	  cells.	  20	  days	  later,	  the	  granulation	  tissue	  eventually	  matures	  into	  a	  collagen	  plug	  and	  
bone	  formation	  starts	  gradually	  at	  the	  base	  and	  periphery	  of	  the	  socket.	  The	  first	  phase	  of	  extraction	  
socket	  healing	  is	  most	  likely	  osteoclastic	  rejection	  of	  the	  original	  socket	  wall	  into	  the	  healing	  socket.	  
This	  necrotic	  bone	  can	  form	  a	  nidus	  for	  new	  bone	  growth	  or	  can	  be	  expelled	  from	  the	  socket	  as	  bone	  
sequester.	  Approximately	  two-­‐thirds	  of	  the	  socket	  is	  filled	  with	  bone	  after	  5	  weeks.	  Epithelium	  was	  
found	  to	  grow	  progressively	  and	  requiring	  24	  to	  35	  days	  to	  cover	  completely	  the	  healing	  socket.	  All	  
stadia	  of	  bone	  regeneration	  progress	  from	  the	  apex	  of	  the	  defect	  and	  the	  socket	  walls	  and	  proceed	  
finally	   to	   the	  center	  and	  crest	  of	   the	  socket.	  The	  rate	  of	  collagen	  plug	  conversion	   into	  bone	  shows	  
large	  variation	  depending	  on	  the	  age,	  smoking	  or	  non-­‐smoking	  and	  bone	  quality	  of	  the	  subject	  5,	  7,	  8.	  
Therefore,	   it	   is	   common	   clinical	   practice	   to	   wait	   3	   months,	   before	   an	   implant	   is	   placed	   after	  
extraction	   9.	  To	  overcome	  alterations	   in	   ridge	  dimension,	   some	  advocate	  socket	  preservation	  using	  
17
grafting	   materials	   for	   volume	   maintenance	   and	   bone	   regeneration	   enhancement.	   These	   grafting	  
materials	  should	  be	  biocompatible	  and	  stimulate	  osteogenesis.	  
Bone	  repair	  is	  mainly	  dependent	  on	  the	  size	  of	  the	  wound	  and	  on	  anatomical	  site	  features	  that	  may	  
affect	  the	  formation	  of	  a	  blood	  clot.	  To	  study	  bone	  repair	  mechanisms,	  the	  osseous	  lesion	  should	  be	  
wide	  enough	  to	  exclude	  spontaneous	  healing.	  The	  ‘smallest	  defect	  that	  will	  not	  heal	  spontaneously	  
during	   the	   lifetime’	   is	   defined	   as	   ‘the	   critical-­‐size	   defect’	   (	   CSD	   )	   and	   is	   predominantly	   studied	   on	  
animals.	  This	  experimental	  model	  is	  frequently	  used	  to	  test	  bone	  repair	  and	  the	  use	  of	  biomaterials.	  	  
Guided	  bone	  regeneration	  is	  an	  established	  technique	  within	  craniofacial	  and	  periodontal	  surgery.	  It	  
involves	   the	   use	   of	   autogenous	   bone	   or	   biomaterials	   and	   occlusive	   membranes	   to	   overcome	   the	  
issue	  of	  the	  CSD	  10,	  11.	  Although	  grafting	  materials	  are	  known	  to	  encourage	  new	  bone	  formation	  by	  a	  
variety	  of	  processes	   12,	   the	  use	  of	   these	  materials	   in	   fresh	  extraction	   sockets	  has	  been	  questioned	  
because	   they	   seem	   to	   interfere	   with	   the	   normal	   healing	   process.	   Studies	   in	   humans	   using	  
autogenous	  bone	  (	  AB	  ),	  demineralized	  freeze-­‐dried	  bone	  allograft	   (	  DFDBA	  ),	  deproteinized	  bovine	  
bone	   mineral	   13	   (	   BBM	   ),	   bioactive	   glass	   14,	   hydroxyapatite	   (	   HA	   ),	   4	   calcium	   sulphate,	   tricalcium	  
phosphate	  15	  (	  TCP	  )	  or	  polylactide/	  polyglycolide	  polymers	  	  16,	  17	  show	  the	  presence	  of	  remaining	  non	  
resorbed	  particles	  of	  the	  grafting	  material	  in	  the	  alveolar	  sockets	  6–9	  months	  following	  insertion.	  AB	  
induces	   bone	   formation	   through	   osteogenesis,	   whereas	   allogenic	   bone	   is	   thought	   to	   be	  
osteoinductive	  due	  to	  the	  presence	  of	  growth	  factors.	  Xenografts,	  such	  as	  bovine	  bone	  material	  and	  
alloplastic	   substitutes,	   encourage	   the	   apposition	   of	   new	   bone	   by	   osteoconduction.	   Eventually,	  
anorganic	  bone	  allograft,	  bioglass	  and	  hydroxyapatite	  become	  incorporated,	  whereas	  demineralized	  
bone	   allograft,	   calcium	   sulphate	   or	   tricalcium	   phosphate	   are	   completely	   restituted	   during	   bone	  
regeneration.	  
Bone	  regeneration	  around	  oral	   titanium	   implants	  was	  believed	  to	  be	  similar	   to	   that	  observed	  after	  
injury	   or	   fracture	   and	   based	   on	   the	   succeeding	   phases	   of	   inflammation,	   regeneration	   and	  
remodeling.	  However,	  there	  is	  a	  major	  difference	  in	  the	  healing	  process	  of	  the	  socket	  with	  or	  without	  
an	   implant,	   on	   macro-­‐level	   as	   well	   as	   on	   the	   cellular	   and	   molecular	   level.	   In	   the	   presence	   of	   an	  
implant,	  the	  implant	  itself	  will	  act	  as	  an	  osteoconductive	  substrate	  decreasing	  the	  size	  of	  the	  defect	  
to	   be	  bridged	  by	   new	   tissue.	  A	   crucial	   factor	   is	   the	   effect	   of	   the	   titanium	   surface	  on	   the	  different	  
biological	   components	   that	   come	   in	   contact	  with	   the	   surface	   as	   soon	  as	   the	   implant	   is	   introduced	  
into	   the	   surgically	   prepared	   defect.	   The	   surface	   will	   influence	   the	   initial	   sequences	   of	   protein	  
adsorption,	  platelet	  adhesion	  and	  hemostasis,	  complement	  activation,	  inflammation	  and	  osteogenic	  
cell	  response	  18-­‐23.	  
	  
1.1.3	   Bone	  healing	  in	  onlay	  grafts	  
In	  cases	  with	  severe	  jaw	  bone	  atrophy	  24	  reconstructive	  surgery	  prior	  to	  implant	  placement	  may	  be	  
required.	   Several	   procedures	   using	   inlay	   and	   onlay	   techniques	   have	   been	   described.	   The	   former	  
include	   Le	   Fort	   I	   osteotomy	  with	   interpositional	   bone	   grafting	   and	   sinus	   augmentation	   25,	  26.	  Onlay	  
techniques	  using	  AB	  blocks	  are	   indicated	   for	  horizontal	   ridge	  augmentation.	   If	   limited	  bone	  gain	   is	  
needed	  the	  chin	  or	  retromolar	  region	  may	  serve	  as	  suitable	  donor	  sites.	  Large	  volumes	  require	  extra-­‐
oral	  donor	  sites	  such	  as	  the	  iliac	  crest	  or	  calvarium.	  The	  calvarium	  bone	  is	  a	  popular	  alternative	  for	  rib	  
or	  ilical	  crest	  grafts.	  Due	  to	  its	  membranous	  origin,	  a	  greater	  graft	  volume	  survival	  is	  seen	  compared	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to	   iliac	   crest	   bone	   or	   rib	   graft,	   coming	   from	   endochondral	   origin.	   This	   explains	   also	   earlier	  
vascularization	   of	   the	   calvarial	   graft.	   Furthermore,	   the	   resorption	   rate	   is	   very	   slow.	   Several	   key	  
anatomic	  facts	  are	  to	  be	  considered	  before	  harvesting	  a	  calvarial	  bone	  graft:	  1)	  the	  thickness	  of	  the	  
calvarium	  is	  highly	  variable	  to	  the	  point	  of	  being	  unpredictable;	  2)	  the	  dura	  mater	  is	  tightly	  adherent	  
to	  the	  inner	  cortex	  which	  may	  easily	  lead	  to	  injuries	  during	  harvesting;	  3)	  various	  important	  vascular	  
structures	  such	  as	  the	  superior	  sagittal	  sinus,	  immediately	  beneath	  the	  bone	  may	  provoke	  bleeding;	  
4)	   the	   two	   cortices	   fuse	   together	   and	   the	   bone	   can	   become	   thin	   laterally	   and	   inferiorly	   to	   the	  
temporal	   line;	   5)	   an	   important	   drawback	   of	   using	   skull	   bone	   is	   the	   relatively	   small	   amount	   of	  
cancellous	  bone	  available,	  making	  it	  more	  difficult	  to	  reconstruct	  large	  defects	  without	  additional	  use	  
of	  biomaterials.	  These	  drawbacks	  are	  often	  barriers	  for	  the	  surgeon	  to	  advice	  or	  perform	  this	  grafting	  
procedure,	   despite	   the	   fact	   that,	   when	   properly	   performed,	   the	   patients	   morbidity	   is	   much	   less.	  
Grafting	  materials	  can	  also	  be	  used	  for	  onlay	  grafts	  in	  bone	  defects	  of	  the	  craniofacial	  skeleton	  due	  
to	   cancer	   surgery	  or	   trauma.	  An	   important	   concern	   following	  all	  bone	  augmentation	  procedures	   is	  
volume	  stability	  of	  the	  graft.	  Even	  though	  no	  augmentation	  technique	  has	  detailed	  documentation	  or	  
long-­‐term	   follow-­‐up	   studies	   as	   described	   in	   a	   recent	   systematic	   review	   27,	   graft	   resorption	   seems	  
inevitable.	  Bone	  blocks	  from	  intra-­‐oral	  donor	  sites	  may	   lose	  up	  to	  50	  to	  60	  %	  of	  their	  volume	  after	  
one	   year	   28,	   29.	   When	   applied	   as	   an	   onlay	   graft,	   bone	   blocks	   from	   the	   iliac	   crest	   have	   shown	  
considerable	   resorption	   to	   nearly	   half	   of	   their	   volume	   after	   1	   year	   30.	   In	   the	   course	   of	   this	   PhD	  
project,	  the	  clinical	  use	  of	  onlay	  graft	  for	  oral	  and	  maxillofacial	  surgery	  	  was	  not	  explored.	  Hence,	  the	  
evaluation	   of	   the	   behavior	   of	   the	   onlay	   graft	   and	   implant	   survival	   or	   success	   in	   these	   grafting	  
procedures,	   albeit	   very	   interesting	   for	   a	   maxillofacial	   surgeon,	   is	   not	   further	   discussed.	   For	   the	  
interested	   reader	   who	   would	   like	   to	   know	   more	   about	   this	   topic,	   we	   would	   like	   to	   refer	   to	   the	  
following	  review	  papers	  31-­‐34.	  
	  
	  
1.1.4	   Bone	  healing	  in	  sinus	  elevation	  procedures	  
Minimal	   residual	   crestal	   bone	   height	   may	   result	   from	   periodontal	   disease	   or	   alveolar	   resorption	  
following	  tooth	  loss.	  In	  addition,	  pneumatization	  of	  the	  maxillary	  sinus	  may	  result	  in	  insufficient	  bone	  
volume	   in	   the	   posterior	  maxilla	   to	   allow	  dental	   implant	   placement.	  Hence,	   sinus	   floor	   elevation	   is	  
required	   to	   restore	   the	   bone	   volume.	   Hereby,	   AB	   is	   the	   most	   commonly	   used	   material	   and	   is	  
currently	  still	  the	  golden	  standard	  35,	  36.	  AB	  grafts	  are	  very	  popular	  due	  to	  the	  presence	  of	  viable	  cells:	  
osteoblasts,	  undifferentiated	  mesenchymal	  cells,	  monocytes	  and	  osteoclast	  precursor	  cells.	  Healing	  
of	   a	   graft	   can	   take	   one	   of	   two	   broad	   routes	   	   37.	   The	   graft	   may	   fail	   to	   incorporate	   and	   gradually	  
disappear,	   or	   it	   can	   become	   a	   mechanically	   functioning	   part	   of	   the	   host	   bone.	   Once	   the	   graft	   is	  
inserted	  into	  the	  maxillary	  sinus,	  osteogenesis	  is	  activated	  by	  surgical	  trauma	  and	  a	  large	  quantity	  of	  
cytokines	   with	   osteogenic	   effect	   are	   released.	   Those	   factors	   start	   the	   healing	   process,	   with	   the	  
formation	   of	   new	   woven	   bone,	   originating	   from	   the	   bone	   walls	   subjected	   to	   trauma.	   Osteoclast	  
precursors	  are	  activated	  and	  act	  as	  a	  solid	  wall	  allowing	  attachment	  of	  the	  osteoblasts	  26,	  38.The	  graft	  
and	  the	  granulation	  tissue	  must	  be	  stable	  and	  neovascular	  tissue	  must	  reach	  the	  entire	  graft	  for	  new	  
bone	   to	   be	   formed.	   Beginning	   along	   the	  maxillary	   sinus	   walls,	   osteogenesis	   extends	   progressively	  
towards	  the	  center	  and	  the	  apical	  area	  of	  the	  graft	  and	  may	  continue	  for	  months	  after	  surgery	  39,	  40.	  
Although	  sinus	  elevation	  surgery	  is	  a	  standardized	  and	  predictable	  technique,	  each	  surgical	  step	  may	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rise	  to	  complications.	  These	  complications	  may	  occur	  during	  surgery	  or	  in	  a	  later	  postoperative	  early	  
or	  late	  phase.	  Early	  postop	  complications	  occur	  within	  3	  weeks	  after	  surgery	  and	  late	  complications	  
may	   occur	   months	   or	   years	   later	   41.	   The	   intraoperative	   complications	   concern	   membrane	  	  
perforations	   and	   hemorrhage	   	   due	   to	   injury	   to	   the	   internal	   or	   external	   branches	   of	   the	   posterior	  
superior	   alveolar	   artery.	  Mechanical	   obstruction	  of	   the	  osteum	  due	   to	  overfilling	  of	   the	   sinus	  may	  
result	  in	  inflammation	  or	  infection.	  Early	  postoperative	  complications	  consists	  of	  wound	  dehiscence	  
with	  the	  formation	  of	  an	  oral	  fistula,	  graft	  infection	  and	  bone	  graft	  exposure.	  Chronic	  sinusitis	  is	  the	  
most	  frequent	  delayed	  postoperative	  complication.	  All	  these	  complications	  may	  hamper	  the	  healing	  
process.	  One	  of	  the	  major	  issues	  using	  autologous	  bone	  grafts	  is	  donor	  site	  morbidity	  with	  symptoms	  
as	   pain,	   swelling	   and	   inflammation.	   To	   overcome	   these	   inconveniences,	   bone	   substitutes	   can	   be	  
applied.	  	  
	  
1.1.5	   Biomaterials	  in	  grafting	  procedures	  
A	  biomaterial	  should	  be	  extremely	  osteoconductive,	   in	  order	  to	  aid	  the	  adhesion	  of	  the	  osteoblasts	  
to	   most	   of	   its	   surfaces,	   providing	   the	   highest	   number	   of	   osteogenesis	   nuclei.	   	   Maximum	   bone	  
formation	  is	  obtained	  on	  the	  bottom,	  the	  lateral	  and	  the	  medial	  walls,	  while	  the	  most	  apical	  area	  has	  
minimal	  new	  bone	  formation.	  The	  more	  the	  grafted	  material	  is	  osteoinductive	  and	  osteoconductive,	  
the	   faster	   new	   bone	   fill	   will	   occur.	   Osteoconduction	   is	   a	   biomaterial’s	   capacity	   to	   lead	   bone	  
development	   above	   its	   own	   surface,	   when	   placed	   close	   to	   bone	   tissue,	   while	   osteoinduction	   is	   a	  
specific	  process	  of	  materials	  that	  have	  the	  ability	  to	  induce	  new	  bone	  formation	  in	  non-­‐bone	  tissue42.	  
When	   implanted	   in	   subcutaneous	   tissue,	   osteoinductive	  materials	   can	  determine	   the	   formation	  of	  
new	   bone,	   while	   osteoconductive	   materials	   induce	   an	   inflammatory	   response	   and	   become	  
encapsulated	  9.	  Osteoconductive	  materials	  implanted	  in	  bone	  defects	  act	  as	  a	  scaffold	  for	  osteoblasts	  
while	   osteoinductive	   materials	   allow	   new	   bone	   to	   be	   formed	   throughout	   the	   whole	   site	   through	  
endochondral	   and	   intramembranous	   bone	   formation	   43.	   Alloplastic	   materials	   and	   xenografts	   have	  
osteoconductive	  properties	  and	  act	  as	  	  space	  filler	  of	  the	  sinus	  cavity,	  as	  volume	  maintainer	  keeping	  
the	   sinus	  membrane	   lifted	  until	   the	   cavity	   is	   completely	   filled	  with	  new	  bone,	   for	   speeding	  up	   the	  
filling	   of	   the	   large	   cavity	   by	   osteogenetic	   cells,	   aiding	   osteogenesis	   and	   allowing	   normal	   bone	  
remodeling	   processes.	   Several	   categories	   of	   bone	   graft	   substitutes	   exist	   (autogenous,	   allogenic,	  
xenogenic	   or	   alloplastic)	   and	   encompass	   various	   materials,	   material	   sources	   and	   origins	   (natural	  
versus	  synthetic).	  Since	  bone	  resorption	  is	  a	  common	  feature	  after	  sinus	  augmentation	  when	  solely	  
AB	   is	   used	   44,	   combinations	   of	   AB	   with	   bone	   morphogenetic	   proteins	   (BMP	   ),	   BBM	   or	   HA	   from	  
different	   origins	   are	   clinically	   applied	   45,	  46.	   There	   is,	   however,	   currently	   a	   lack	   of	   scientific	   data	   to	  
conclude	  which	  augmentation	  material	  or	  combination	  of	  materials	  is	  the	  gold	  standard	  in	  humans.	  	  	  
	  
1.2	   SINUS	  AUGMENTATION	  	  
1.2.1	   Surgical	  Techniques	  
Sinus	  augmentation	  is	  a	  common	  procedure	  in	  implant	  dentistry	  to	  cope	  with	  a	  lack	  of	  bone	  height	  in	  
the	   posterior	   maxilla	   and	   to	   allow	   placement	   of	   sufficiently	   long	   implants	   with	   adequate	   initial	  
20
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stability	  26.	  There	  are	  several	  techniques	  to	  perform	  the	  procedure.	  The	  insertion	  of	  the	  bone	  graft	  or	  
biomaterial	  can	  be	  performed	  through	  the	  lateral	  window	  technique	  (	  LWT	  )	  (	  Figure	  1.2.1	  a-­‐b-­‐c-­‐d	  ).	  	  
	  
Figure1.2.1	   a-­‐b-­‐c-­‐d:	   The	   lateral	   window	   technique	   with	   or	   without	   AB	   onlay	   graft	   is	   most	   frequently	   used	   in	   extreme	  
atrophic	  maxillae.	  
This	  involves	  a	  modified	  Caldwell-­‐Luc	  operation	  to	  gain	  access	  to	  the	  sinus	  cavity.	  A	  bony	  window	  is	  
created	  in	  the	  anterior	  maxillary	  wall,	  the	  Schneiderian	  membrane	  is	  elevated	  and	  grafting	  material	  is	  
inserted.	   An	   absorbable	   membrane	   or	   a	   bone	   strut	   is	   placed	   between	   the	   bone	   graft	   and	   the	  
membrane	  as	  well	  as	  over	  the	  bony	  window.	  This	  method	   is	  usually	  preferred	   in	  situations	  of	  poor	  
bone	  quality	  and	  minimal	  residual	  bone	  height.	  It	  allows	  direct	  visualization	  of	  the	  operating	  site	  and	  
accurate	  bone	  placement	  at	  the	  future	  implant	  position.	  A	  second	  procedure	  is	  an	  alternative	  of	  the	  
LWT	  and	  is	  called	  the	  crestal	  core	  elevation	  or	  crestal	  window	  elevation	  technique.	  This	  technique	  is	  
less	  invasive	  than	  the	  LWT	  and	  when	  implemented	  simultaneously	  with	  molar	  extraction	  it	  provides	  
therapeutic	   benefits	   to	   patients	   postoperatively	   e.g.	   less	   bruising	   ,less	   pain,	   less	   swelling.	   The	  
technique	   is	  used	  when	  the	  ridge	  bone	  height	   is	   less	   than	  5	  mm	  and	   implants	  will	  be	   inserted	   in	  a	  
second	   stage.	   Using	   this	   technique	   the	   lifted	   bone	   cylinder	   remains	   adherent	   to	   the	   Schneiderian	  
membrane	  and	  remains	  vital	  in	  order	  to	  supply	  osteoprogenitor	  cells	  and	  blood	  47,	  48.	  A	  third	  method	  
is	  the	  osteotome	  technique	  (	  Summers	  Technique	  ),	  one	  of	  the	  more	  conservative	  methods	  of	  sinus	  
elevation.	   This	   technique	   involves	   sinus	   elevation	   immediately	   followed	   by	   dental	   implant	  
placement.	  A	  small	  hole	   is	  made	  in	  the	  crestal	  bone	  and	  bone	  grafting	  material	   is	   inserted	   into	  the	  
area	   between	   the	   sinus	   floor	   and	   the	   bone.	   It	   allows	   for	   immediate	   implant	   placement	   and	   for	  
shorter	   post-­‐treatment	   waiting	   times	   and	   is	   considered	   one	   of	   the	   least	   invasive	   techniques	   49-­‐51.	  
Another	  minimal	   invasive	   technique	   is	   the	  balloon	   sinus	   elevation	   technique.	  A	  balloon	   is	   inserted	  	  
through	  a	  crestal	  approach	  and	  filled	  with	  saline.	  This	  technique	  allows	  vertical	  elevation	  with	  added	  
security	   to	   prevent	   damage	   of	   	   the	   Schneiderian	  membrane	   52.	   Nkenke	   et	   al.	   53	   hypothetized	   that	  
membrane	   perforation	   can	   occur	   if	   sharp	   bone	   fragments	   are	   used	   directly	   to	   lift	   the	  membrane.	  
Therefore,	   the	   authors	   proposed	   an	   alternative	   technique	   by	   which	   the	   sinus	   floor	   is	   directly	  
fractured	  by	  an	  osteotome	  and	  not	  by	  force	  of	  the	  graft	  material.	  After	  using	  the	  last	  osteotome,	  the	  
sinus	  floor	  is	  fractured	  under	  endoscopic	  control	  and	  the	  membrane	  lifted	  with	  an	  osteotome.	  	  
The	   sinus	   augmentation	   procedure	   through	   the	   LWT	   is	   often	   a	   barrier	   for	   the	   patient	   because	   of	  
general	  anesthesia,	  hospitalization	  and	  donor	  site	  morbidity	  31.	  To	  cope	  with	  these	  disadvantages	  the	  
use	  of	  biomaterials	  has	  been	  advocated.	  A	  review	  paper	  evaluating	  this	  procedure	  54	  even	  questions	  
the	   need	   for	   sinus	   augmentation	   and	   reveals	   that	   short	   implants	   in	   the	   posterior	   maxilla	   have	   a	  
comparable	   survival	   rate	   compared	   to	   implants	   in	   augmented	   bone.	   Every	   surgical	   procedure	  
presents	  advantages	  and	  disadvantages.	  The	  choice	  of	  the	  grafting	  procedure	  should	  be	  dependent	  
on	  de	  size	  of	  the	  defects,	  the	  amount	  of	  graft	  needed,	  the	  risks	  and	  complications	  involving	  the	  used	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procedure.	   It	   is	   obvious	   that	   priority	   should	   be	   given	   to	   those	   procedures	  which	   are	   less	   invasive,	  
simple	  to	  perform	  and	  reaching	  the	  goal	  within	  the	  shortest	  time	  frame.	  
The	  choice	  of	  the	  surgical	  technique	  and	  the	  number	  of	  operating	  sessions	  (	  e.g.	  Immediate	  implant	  
placement	   or	   at	   a	   later	   stage,	   after	   maturation	   of	   the	   graft	   )	   is	   depending	   on	   the	   classification	  
proposed	  for	  an	  atrophic	  maxilla.	  	  According	  to	  Vercellotti	  et	  al.	  55one	  can,	  preoperatively,	  distinguish	  
4	  types	  of	  atrophy.	  	  In	  the	  A-­‐type	  atrophy	  the	  residual	  bone	  is	  greater	  than	  70%	  of	  the	  ideal	  implant	  
length	   (	   according	   to	   a	   crown-­‐to-­‐implant	   ratio	  of	   1:1	   ).	   Primary	   stability	   can	  be	   guaranteed	  by	   the	  
residual	   crestal	   bone,	   and	   the	   augmentation	   is	   of	   minimal	   relevance	   for	   implant	   prognosis.	   Both	  
vestibular	   approach	  or	   crestal	   approach	   can	  be	   recommended.	  B-­‐type	  atrophy	   concerns	   a	   residual	  
crestal	   bone	   height	   of	   30-­‐50%	   of	   the	   ideal	   implant	   length.	   Primary	   stability	   for	   healing	   is	   also	  
guaranteed	   by	   the	   residual	   ridge	   but	   the	   graft	   is	   more	   important	   for	   implant	   predictability.	   The	  
recommended	  approach	  is	  the	  vestibular	  window.	  C-­‐type	  atrophy	  is	  comparable	  in	  height	  as	  the	  B-­‐
type	  but	  has	  a	  bone	  quality	  type	  4	  (Lekholm-­‐Zarb	  classification)	  56.	  In	  this	  case	  primary	  stability	  of	  the	  
implant	  cannot	  be	  guaranteed	  and	  it	  is	  therefore	  necessary	  to	  graft	  in	  a	  first	  stage	  trough	  a	  vestibular	  
approach.	  After	  6-­‐8	  months,	  the	  implants	  can	  be	  inserted.	  D-­‐type	  atrophy	  has	  less	  than	  30%	  residual	  
bone	  height	  compared	  to	  the	  implant	  length.	  Here	  it	  is	  also	  necessary	  to	  plan	  a	  two	  stage	  approach,	  
first	   the	   augmentation	   of	   the	   sinus	   followed	   by	   implant	   insertion,	   after	  maturation	   of	   the	   grafted	  
bone.	  
	  
1.2.2	   Bone	  substitutes	  in	  sinus	  augmentation	  procedures	  
Grafting	   of	   the	   sinus	   floor	  was	   first	   presented	   in	   1977	   57	   and	   first	   published	   in	   1980	   26.	   The	   sinus	  
grafting	   technique	   has	   been	   modified	   and	   biomaterials	   including	   barrier	   membranes	   have	   been	  
improved	  over	  the	  last	  decades.	  The	  goal	  of	  sinus	  elevation	  is	  the	  formation	  of	  vital	  bone	  in	  the	  sinus,	  
integration	   of	   implants	   and	   long-­‐term	   survival	   of	   those	   implants.	   It	   is	   obvious	   that	   success	   is	  
dependent	  upon	  the	  quality	  of	  the	  used	  grafting	  materials.	  AB	  was	  the	  first	  grafting	  material	  used	  to	  
augment	  the	  sinus.	  The	  original	  protocol	  described	  by	  Boyne	  et	  al.	  26	  used	  100%	  AB	  harvested	  from	  
the	  anterior	   iliac	  crest,	  containing	  all	  vital	  elements	  (	  minerals,	  collagen	  matrix,	  viable	  cells,	  growth	  
factors	   and	   BMP	   )	   to	   promote	   bone	   formation.	   The	   grafts	   were	   utilized	   in	   block	   formation	   with	  
simultaneous	   implant	   placement	   or	   in	   particulated	   form	   with	   simultaneous	   or	   delayed	   implant	  
placement.	  Other	  prelevation	  sites	  extraorally	  include	  the	  cranium	  and	  tibia.	  The	  tibia	  has	  the	  highest	  
cancellous	  content.	   Intraoral	  prelevation	  sites	  are	  the	  maxillary	  tuberosity,	  the	  chin	  and	  the	  ramus.	  
Here	  the	  chin	  and	  ramus	  contain	  mostly	  cortical	  bone.	   	  The	  Sinus	  Consensus	  Conference	  of	  1996	   35	  
reported	  a	  difference	  in	  implant	  survival	  between	  block	  grafts	  (84.6%)	  and	  particulated	  grafts	  (92.6%)	  
of	  AB	  at	  3	  years	  follow-­‐up.	  Explanation	  for	  this	   latter	  phenomenon	  may	  include	  a	  more	  demanding	  
procedure	  to	  stabilize	  the	  block	  graft	  during	   implant	  placement,	  resorption	  of	  the	  block	  graft	  or	  an	  
overall	  lower	  percentage	  of	  mineralized	  tissue.	  
Graft	   resorption	   was	   the	   most	   frequent	   complication,	   especially	   in	   case	   of	   iliac	   bone	   and	  
demineralized	  bone	  allograft.	  DFDBA	  has	  been	  successfully	  used	  in	  periodontal	  surgery,	  but	  did	  not	  
meet	  the	  same	  standard	  when	  used	  for	  sinuslifts.	  As	  a	  consequence	  the	   implant	  survival	  rates	  were	  	  
reduced	   to	   85%	   when	   used	   alone	   or	   to	   82%	   in	   combination	   with	   AB	   58.	   Poor	   bone	   healing	   was	  
suggested	  as	  possible	   reason	   for	   this	  outcome	  and	   this	  was	  also	  histologically	   confirmed	   in	  animal	  
studies.	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1.3	   IMPLANT	  TREATMENT	  OUTCOME	  	  
	  
1.3.1	   Treatment	  outcome	  in	  non-­‐grafted	  sites	  
Primary	  implant	  stability	  and	  lack	  of	  micromovements	  are	  considered	  the	  most	  important	  factors	  for	  
achieving	   predictable	   osseointegration	   59,	   coined	   as	   an	   intimate	   anchorage	   of	   the	   implant	   to	   the	  
bone.	  In	  the	  early	  days,	  a	  load-­‐free	  period	  of	  several	  months	  was	  recommended	  to	  minimize	  the	  risk	  
for	  soft	  tissue	  encapsulation	  60.	  The	  traditional	  Brånemark	  protocol,	  including	  submerged	  healing	  and	  
delayed	  loading,	  proved	  to	  be	  a	  reliable	  concept	  for	  these	  patients	  with	  very	  few	  failures	  and	  stable	  
conditions	   in	   the	   long	   term	   61.	   Improvements	   on	   implant	   surfaces	   and	   designs	   have	   gradually	  
replaced	   this	   conservative	   surgical	   approach	   by	   a	   one-­‐stage	   procedure.	   Immediate	   loading	   was	  
defined	   as	   an	   implant	   put	   in	   function	   within	   1	   week	   after	   its	   placement;	   early	   loading	   as	   those	  
implants	  put	  in	  function	  between	  1	  week	  and	  2	  months,	  and	  conventional	  loading	  as	  those	  implants	  
loaded	   after	   2	   months	   62.	   Nowadays	   early	   and	   immediate	   loading	   are	   commonly	   used	   treatment	  
protocols	  with	   high	   predictability	   of	   implant	   survival	   in	   seemingly	   unlimited	   indications	   to	   restore	  
function	   and	   aesthetics	   in	   the	   shortest	   possible	   time	   span	   63-­‐68.	   Non-­‐submerged	   healing,	   early	   to	  
immediate	   implant	   placement	   after	   tooth	   loss,	   early	   to	   immediate	   loading	   and	   implant	   surface	  
modifications	   could	   be	   considered	   as	   the	   most	   prominent	   innovations	   to	   meet	   these	   demands.	  
Following	  careful	  case	  selection,	  all	  of	  them	  have	  been	  found	  to	  result	  in	  a	  favorable	  clinical	  outcome	  
[for	   reviews,	   see	   69,	   70].	   Intuitively,	   however,	   these	   modifications	   could	   increase	   the	   incidence	   of	  
implant	   failure	   as	   more	   occlusal	   forces	   are	   allowed	   during	   the	   early	   stages	   of	   healing	   possibly	  
hampering	   the	   osseointegration	   process.	   Furthermore,	   implant	   placement	   in	   non-­‐healed	   sites	   or	  
fresh	   extraction	   sockets	   is	   technique-­‐sensitive	   because	   primary	   implant	   stability	   is	   critical	   and	  
simultaneous	  bone	   regeneration	  may	  be	   required.	   Finally,	   the	  use	  of	   surface-­‐modified	   implants,	   in	  
particular	  those	  with	  microtextured	  collars,	  could	  increase	  the	  risk	  for	  peri-­‐implantitis	  71-­‐73,	  which	  is	  
one	   of	   the	  main	   reasons	   for	   late	   implant	   failure.	   Hitherto,	   it	   is	   unclear	   to	  what	   extent	   innovative	  
treatment	  concepts	   influence	   implant	   failure	  especially	  when	  performed	   in	  a	  postgraduate	  training	  
center	   using	   different surgical	   techniques,	   various	   loading	   protocols	   in	   a	   variety	   of	   indications	   by	  
clinicians	  with	  different	  experience	  levels.	  
The	  prevalence	  of	  elderly	  in	  the	  population,	  as	  well	  as	  life	  expectancy,	  increased	  in	  the	  final	  decades	  
of	   the	   20th	   century.	   Patients	   wearing	   complete	   dentures	   for	   many	   years,	   and	   especially	   in	   the	  
mandible,	   are	   often	   unsatisfied	   because	   of	   the	   instability	   of	   the	   prosthesis	   during	   speaking	   and	  
eating.	  To	  date	  dental	  implant	  treatment	  is	  well	  documented	  as	  a	  predictable	  treatment	  for	  partial	  or	  
complete	   edentulism.	   On	   the	   other	   hand	   the	   rehabilitation	   of	   atrophied	   and	   extremely	   atrophied	  
edentulous	   arches	   with	   endosseous	   implants	   ,	   defined	   as	   bone	   height	   of	   less	   than	   10	  mm	   in	   the	  
anterior	   regions	   and	   less	   than	   6	   mm	   in	   the	   posterior	   regions,	   is	   often	   associated	   with	   anatomic	  
problems.	  The	  presence	  of	  the	  maxillary	  sinus	  in	  the	  upper	  jaw	  and	  the	  location	  of	  the	  alveolar	  and	  
mental	  nerve	  in	  the	  lower	  jaw,	  usually	  excludes	  the	  insertion	  of	  long	  implants	  into	  the	  distal	  areas	  of	  
resorbed	   maxilla	   or	   mandible.	   Therefore,	   in	   the	   past,	   according	   to	   the	   original	   concept	   for	   the	  
placement	  of	  Brånemark	  System	   implants	   in	  atrophied	  completely	  edentulous	  arches,	   the	   implants	  
were	  placed	  in	  a	  fairly	  upright	  position.	  With	  such	  implant	  position	  it	  was	  often	  necessary	  to	  fabricate	  
a	  bilateral	  cantilever	  that	  was	  up	  to	  20	  mm	  in	  length	  so	  as	  to	  provide	  the	  patient	  with	  good	  chewing	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capacity	  in	  molar	  regions,	  increasing	  the	  risk	  of	  implant	  or	  prosthetic	  complications.74	  Bone	  grafting	  
procedures	   to	   increase	   bone	   volume	   may	   be	   a	   viable	   treatment	   option,	   but	   they	   often	   imply	  
demanding	  surgical	  procedures	  and	  can	  be	  associated	  with	  complications,	  morbidity,	  and	  high	  costs.	  
Moreover,	   medically	   compromised	   patients	   are	   often	   at	   risk	   for	   bone	   grafting	   procedures	   under	  
general	   anesthesia	   and	   usually,	   in	   case	   of	   grafting,	   delayed	   loading	   protocols	   are	   needed	   .Tilted	  
implants	   have	   been	   proposed	   as	   an	   alternative	   to	   traditional	   protocols	   in	   the	   rehabilitation	   of	  
edentulous	  maxillae	   and	  mandibles.	   Tilting	   of	   the	   implants	   parallel	   to	   the	   anterior	  maxillary	   sinus	  
wall	  or	  under	  an	  inclination	  of	  30°	  to	  45°	  anterior	  to	  the	  mental	  foramen,	  may	  represent	  a	  feasible	  
treatment	  option	  75-­‐79	  (	  Figure	  1.3.1	  a-­‐b	  ).	  
	  
Figure	  1.3.1	  a-­‐b:	  showing	  the	  30°	  inclination	  of	  the	  posterior	  implants	  at	  time	  of	  3D	  planning	  and	  at	  time	  of	  surgery.	  
Long	  tilted	  implants	  (	  ≥	  13	  mm	  )	  placed	  in	  residual	  bone	  have	  been	  advocated	  to	  obtain	  high	  levels	  of	  
initial	   primary	   stability,	   avoiding	   bone-­‐grafting	   procedures.	   Improved	   implant	   anchorage	   can	   be	  
achieved	  by	  benefiting	  from	  the	  cortical	  bone	  of	  the	  anterior	  wall	  of	   the	  sinus	  and	  the	  nasal	   fossa.	  
Additionally,	   the	   rationale	   for	   using	   inclination	   of	   distal	   implants	   is	   based	   on	   the	   reduction	   of	  
cantilever	  length	  and	  as	  a	  consequence	  give	  rise	  to	  better	  load	  distribution	  of	  the	  prosthesis	  support.	  	  
Tilting	   implants	  can	  optimize	   the	  anterior/posterior	  spread	  of	   the	   implants	  along	  the	  alveolar	  crest	  
increasing	   the	   polygonal	   area	   to	   provide	   satisfactory	   molar	   support	   for	   a	   definitive	   full	   fixed	  
prosthesis	  (	  FFP	  )	  of	  10	  to	  12	  masticatory	  units	  (	  Figure	  	  1.3.1	  c-­‐d).	  
	  
Figure	  1.3.1	  c-­‐d	  :	  shows	  the	  positioning	  of	  the	  4	  implants	  in	  the	  definitive	  full	  arch	  fixed	  prosthesis	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Krekmanov	  et	  al.77	  reported	  a	  gained	  mean	  distance	  of	  6.5	  mm	  of	  prosthesis	  support	  in	  the	  mandible	  
and	  9.3	  mm	  in	  the	  maxilla,	  as	  a	  result	  of	  implant	  tilting.80	  	  This	  surgical	  technique	  may	  reduce	  patient	  
morbidity,	   especially	   when	   performed	   under	   flapless	   conditions	   	   and	   extend	   the	   indications	   for	  
immediate	  loading	  full	  fixed	  rehabilitations	  (	  Figure	  1.3.1	  e-­‐f	  ).	  
	  
Figure	  1.3.1	  e-­‐f:	  placement	  of	  the	  4	  implants,	  2	  distally	  tilted	  and	  2	  straight	  anterior	  implants	  following	  the	  surgical	  guide	  in	  
a	  flapless	  procedure.	  
This	   improves	   the	   predictability	   of	   treatment	   goals	   and	   allows	   for	   a	   better	   risk	  management.	   The	  
‘apex’	  of	  these	  implants	  and	  the	  rotation	  fulcrum	  are	  located	  in	  the	  canine	  region,	  and	  the	  implant	  
platform	  emerges	  in	  the	  first	  or	  second	  premolar	  region.	  Several	  clinical	  studies	  have	  reported	  high	  
survival	  rates	  for	  tilted	  implants	  (	  95-­‐100%	  )	  in	  the	  maxilla.	  However,	  questions	  remain	  relative	  to	  the	  
amount	   of	   stress	   generated	   at	   the	   bone	   surrounding	   tilted	   implants.	   In	   2008	   Bevilacqua	   et	   al.81	  
performed	   a	   3-­‐dimensional	   finite	   element	   analysis	   to	   study	   the	   stress	   values	   surrounding	   tilted	  
versus	  vertical	   implants	  both	  singularly	  or	   splinted	   in	  a	   full	   fixed	  prostheses	   (FFP).	  They	   found	   that	  
single	  tilted	  implant,	  submitted	  to	  a	  vertical	  load,	  demonstrated	  higher	  peri-­‐implant	  bone	  stress	  than	  
the	  single	  vertical	   implant	  submitted	  to	  the	  same	  vertical	   load.	  The	  stresses	   increased	  as	  the	  tilt	  of	  
the	   single	   implants	   increased.	  When	   the	   implants	  were	   splinted	   in	  a	   rigid	  FFP,	  however	   the	  use	  of	  
tilted	  distal	   implants,	  with	  reduced	  cantilever	   lengths,	  resulted	   in	   lower	  mechanical	  stresses	  on	  the	  
peri-­‐implant	   bone	  with	   respect	   to	   the	   vertical	   implants	  with	   longer	   cantilevers.	  High	   survival	   rates	  
have	  been	  frequently	  reported	  in	  the	  literature	  for	  immediate	  function	  of	  fixed	  mandibular/maxillar	  	  
complete-­‐arch	  prostheses	  supported	  by	  three	  or	  four	  implants.	  
	  
1.3.2	   Treatment	  outcome	  in	  grafted	  sites	  
The	  placement	  of	  dental	  implants	  in	  atrophic	  posterior	  maxilla	  is	  challenging	  in	  implant	  dentistry	  82.	  
The	  overall	   long	  term	  failure	  rate	   is	  higher	   in	  the	  posterior	  maxilla	  than	  in	  the	  mandible	  83,	  84	  which	  
has	   been	   related	   to	   bone	   quality	   and	   quantity	   85,	   86.	   Several	   procedures	   and	  materials	   have	   been	  
developed	   for	   bone	   augmentation	   to	   overcome	   the	   problem	   of	   lack	   of	   bone	   volume	   87.	   	   Implant	  
survival	  rates	  around	  75	  %	  have	  been	  reported	  for	  turned	  titanium	  implants	  placed	  in	  the	  iliac	  crest	  
augmented	  maxilla	  after	  3	  to	  5	  years	  of	  function	  83,	  88.	  Although	  a	  recent	   long-­‐term	  study	  described	  
higher	  survival	  rates	  89,	  these	  findings	  suggest	  that	  especially	  turned	  titanium	  implants	  could	  be	  more	  
prone	  to	  failure	  when	  installed	  in	  augmented	  maxillary	  bone.	  Limited	  data	  exist	  on	  bone	  adaptation	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around	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  in	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  Adell	  and	  co-­‐workers	  
83	  described	  a	  mean	  bone	  level	  of	  1.49	  mm	  in	  reference	  to	  the	  implant-­‐abutment	  interface	  after	  one	  
year	   and	   about	   0.10	   mm	   annually	   thereafter.	   This	   corresponds	   quite	   well	   with	   recent	   findings	  
pointing	   to	   a	  mean	   bone	   level	   of	   2.40	  mm	   after	   10	   years	   of	   function	   89.	   In	   a	   review	   study	   of	   Del	  
Fabbro	  et	  al.	  34	  including	  6913	  implants	  placed	  in	  2046	  patients	  who	  received	  a	  sinus	  augmentation	  
procedure	  and	  12	  to	  75	  months	  in	  function	  an	  mean	  implant	  survival	  rate	  of	  91.	  5%	  was	  estimated.	  
Implant	  survival	  was	  87.70%	  with	  grafts	  of	  100%	  AB,	  94.88%	  when	  combining	  AB	  with	  various	  bone	  
substitutes,	  and	  95.98%	  with	  bone	  grafts	  consisting	  of	  bone	  substitutes	  alone.	  The	  survival	  rate	  for	  
smooth	  surface	  implants	  was	  85.64%	  compared	  to	  96%	  for	  the	  rougher	  implants.	  This	  points	  to	  the	  
importance	   of	   the	   implant	   surface	   on	   clinical	   outcome	   in	   compromised	   bone	   condition.	   However,	  
whether	   this	   aspect	   is	   also	  histologically	   confirmed	  by	  a	   faster	  bone	  healing	   response	   in	  e.g.	   sinus	  
augmented	   bone	   remains	   to	   be	   investigated.	   In	   the	   afore	   mentioned	   review,	   simultaneous	   and	  
delayed	   procedures	   displayed	   similar	   survival	   rates	   of	   	   92.17%	   and	   92.93%	   respectively.	   This	   is	   an	  
indication	   of	   the	   predictable	   outcome	   with	   immediate	   loading	   procedure.	   Again,	   there	   are	   few	  
prospective	   studies	   providing	   information	   of	   outcome	   of	   immediate	   loading	   procedures	   in	  
compromised	  bone	  such	  as	  the	  severely	  resorbed	  maxilla	  or	  mandible.	  Also,	  the	  combined	  treatment	  
of	  sinus	  augmentation	  and	  immediate	  loading,	  using	  the	  surface	  enhanced	  implants	  currently	  on	  the	  
market,	  requires	  an	  interesting	  approach	  for	  additional	  clinical	  investigation	  preferably	  confirmed	  by	  
human	  histology.	  	  
	  
	   	  
1.4	   SPEECH	  AND	  IMPLANT	  REHABILITATION	  OUTCOME	  
Edentulism	   is	  often	  associated	  with	   functional	  and	  esthetic	  burdens	  and	   is	   related	   to	  psychological	  
problems	  possibly	   influencing	  daily	  activities.	  Problems	  with	  speech	  are	  one	  of	   the	  most	   important	  
aspects	  that	  negatively	  affect	  quality	  of	  life.	  Therefore,	  questionnaires	  evaluating	  quality	  of	  life	  (QoL),	  
such	   as	   OHIP,	   include	   speech	   related	   issues.90	   	   Any	   abnormality	   of	   the	   teeth,	   a	   missing	   tooth	   or	  
replacement	   of	   one	   or	   more	   teeth	   can	   negatively	   influence	   	   the	   production	   of	   specific	   speech	  
sounds91.	  The	  rehabilitation	  with	  implant-­‐supported	  prostheses	  is	  a	  reliable	  and	  successful	  treatment	  
alternative	   to	   conventional	   denture	   treatment	   also	   on	   a	   long-­‐term	   basis	   in	   both	   completely	   and	  
partially	   edentulous	   patients.	   The	   demand	   for	   this	   treatment	   has	   grown	   rapidly	   because	   of	   the	  
increased	  expectations	  of	  a	  good	  QoL,	  utility	  of	  the	  teeth	  92	  and	  esthetics	  in	  the	  middle-­‐aged	  and/or	  
older	   population.	   In	   daily	   clinical	   practice	   questions	   regarding	   satisfaction	   and	   especially	   speech	  
production	  after	  implantation	  occur	  on	  a	  regular	  basis	  especially	  in	  professional	  or	  elite	  professional	  
speakers.	   To	   the	   best	   of	   our	   knowledge,	   very	   few	   studies	   have	   investigated	   the	   impact	   of	   fixed	  
prosthesis	  on	  osseointegrated	  implants	  on	  speech	  characteristics	  and	  satisfaction.	  In	  a	  questionnaire	  
study	  on	  patients	  wearing	  removable	  full	  dentures	  in	  either	  mandible	  or	  maxilla	  it	  was	  revealed	  that	  
phonetic	   problems	  were	   the	   reason	   for	   choosing	   implant	  borne	  prosthesis	   in	   60%	  and	  64%	  of	   the	  
cases	   for	   the	   maxilla	   and	   mandible	   respectively93.	   In	   a	   similar	   study	   it	   was	   shown	   that	   phonetic	  
concerns	   are	   more	   predominant	   in	   fully	   edentulous	   maxillary	   and	   mandibulary	   denture	   patients	  
compared	  to	  partial	  denture	  wearers65.	  Few	  studies	  have	  investigated	  the	  impact	  of	  cross-­‐arch	  fixed	  
prostheses	  on	  osseointegrated	  implants	  on	  speech	  characteristics	  and	  satisfaction.	  	  It	  is	  obvious	  from	  
the	   available	   literature,	   summarized	   in	   Table	   1,	   that	   there	   is	   a	   large	   disparity	   in	   study	   design,	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prosthetic	   treatment,	   assessment	   techniques	  and	   time	  of	  evaluation.	  Moreover,	   studies	  evaluating	  
the	  speech	  in	  subjects	  with	  osseointegrated	  implants	  show	  conflicting	  results.	  Although	  Lundqvist	  et	  
al.91	  reported	  phonetic	  problems	  in	  66%	  of	  the	  patients,	  especially	  for	  the	  /s/	  and	  /z/	  sounds,	  Jacobs	  
et	   al.	   94	   found	  84%	  of	   the	  patients	  with	  disordered	   speech	  especially	   for	   /s//z//d/	   and	   /t/	   sounds.	  
According	   to	  Molly	  et	  al.	   95	   speech	  changes	  occur	  after	   implant	   surgery.	  A	  disadvantage	  of	   today’s	  
literature	   is	   that	   the	   timing	   of	   assessment	   before	   and/or	   after	   implant	   prosthetic	   rehabilitation	   is	  
heterogeneous	   and	   ranging	   from	   a	   few	   months	   95,	   96	   to	   many	   years	   after	   the	   implant-­‐supported	  
restoration	  was	   put	   into	   function	   92,	  97.	   There	   is	   still	   a	   lack	   of	   information	   of	   the	   impact	   of	   screw-­‐
retained,	  fixed	  cross-­‐arch	  prostheses	  on	  articulation	  satisfaction	  by	  means	  of	  subjective	  and	  objective	  
assessment	  techniques.	  This	  is	  especially	  	  the	  case	  when	  a	  minimal	  number	  of	  implants	  are	  used	  to	  
restore	   full	  edentulism.	   In	   treatments	  such	  as	   the	  “All-­‐on-­‐four”	  concept	   implant	   location	  as	  well	  as	  
the	  number	  or	  the	  position	  of	  the	  teeth	  on	  the	  reconstruction	  may	  affect	  phonetics	  and	  satisfaction.	  
This	  information	  may	  lead	  to	  clinical	  guidelines	  regarding	  implant	  and	  prosthetic	  planning	  and	  be	  of	  








Table	  1:	  shows	  the	  disparity	  and	  the	  different	  results	  of	  the	  studies	  available	  in	  literature.	  	  
	  
	  
Authors	   Subjects	   Timing	   Results	  
Haraldson	  et	  al.	   N=21	   Postimplant	  10y	  after	   all	  could	  not	  chew	  as	  wished	  and	  more	  than	  half	  had	  difficulty	  biting	  
hard	  foods.	  
29%	  (6/21)	  had	  transient	  phonetic	  problems	  (but	  had	  also	  problems	  
with	  dentures)	  
Lundqvist	  et	  al.	   N=17	   Pre-­‐and	  postimplant	  
immediately,	  after	  3-­‐
6m	  and	  after	  3y	  
All	  could	  chew	  all	  kinds	  of	  food.	  
Half	  of	  the	  patients	  had	  some	  speech	  problems	  first	  3-­‐6m.	  66%	  
indistinct	  speech	  especially	  s	  and	  t	  sounds	  
Jemt	   N=76	   5	  year	  follow-­‐up	  with	  
3	  assessments	  the	  first	  
year	  and	  4	  check-­‐
ups/4y	  
Speech	  problems	  especially	  present	  during	  first	  year:	  32%	  (23/73),	  
second	  year:	  6%	  (4/70),	  third	  year	  3%	  (2/68),	  fourth	  year:	  2%	  (1/65),	  
fifth	  year:	  0%.	  
Jacobs	  et	  al.	   N=138	   Mean	  year	  since	  
implantation:	  9.3y	  
Significantly	  more	  of	  the	  subjects	  in	  the	  experimental	  group	  (84%)	  
made	  1	  or	  more	  articulation	  errors	  in	  comparison	  with	  the	  control	  
group	  (52%).	  	  
Articulation	  of	  s,z	  and/or	  t,d	  sounds	  were	  significantly	  different.	  
4/5	  of	  the	  subjects	  were	  satisfied	  with	  their	  speech.	  
No	  significant	  difference	  between	  satisfaction	  level	  of	  speech	  
performance	  before	  and	  after	  implantation.	  
No	  significant	  difference	  between	  experimental	  and	  control	  group.	  
Yi	  et	  al.	   N=40	   Average	  follow-­‐up	  
period	  of	  1.8y	  
High	  values	  for	  phonetics	  and	  chewing	  comfort	  (0.8/1).	  
Significant	  improvement	  for	  chewing.	  
Göthberg	  et	  al.	   N=78	   Retrospective;	  during	  
3y	  after	  implantation	  
Phonetic	  problems	  for	  the	  mandible:	  0%,	  for	  the	  maxilla	  in	  the	  first	  
year	  22%	  (4/18)	  and	  after	  two	  years	  5%	  (1/18).	  
Sansone	  et	  al.	   N=14	   Before,	  after	  1	  and	  4m	  
of	  implantation	  
No	  significant	  difference:	  little	  voice	  variations	  between	  
assessments.	  
Molly	  et	  al	   N=10	   Before	  and	  1,3,6	  and	  
12m	  after	  treatment	  
10%	  (1/10)	  patients	  had	  disordered	  speech	  directly	  post-­‐surgery.	  
40%	  (4/10)	  interdental	  s	  and	  z	  before	  surgery,	  which	  changed	  to	  
addental	  articulation	  at	  12m	  postoperative.	  
30%	  (3/10)	  strident	  s	  and	  z	  that	  changed	  into	  an	  addental	  or	  
interdental	  pronunciation	  1	  year	  after	  surgery.	  
28
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Healing	  of	  extraction	  sockets	  filled	  with	  BoneCeramic®	  
prior	  to	  implant	  placement:	  Preliminary	  histological	  findings	  
De	  Coster	  P,	  Browaeys	  H,	  De	  Bruyn	  H.	  
	  
ABSTRACT	  
Background:	  Various	   grafting	  materials	   have	   been	   designed	   to	  minimize	   edentulous	   ridge	   volume	  
loss	  following	  tooth	  extraction	  by	  encouraging	  new	  bone	  formation	  in	  healing	  sockets.	  BoneCeramic®	  
is	  a	  composite	  of	  hydroxyapatite	  and	  β-­‐tricalcium	  phosphate	  with	  pores	  of	  100–500	  microns.	  
Purposes:	  The	   aim	   of	   this	   study	  was	   to	   evaluate	   bone	   regeneration	   in	   healing	   sockets	   substituted	  
with	  BoneCeramic®	  prior	  to	  implant	  procedures.	  
Materials	   and	   Methods:	   Fifteen	   extraction	   sockets	   were	   substituted	   with	   BoneCeramic®	   and	   14	  
sockets	  were	  left	  to	  heal	  naturally	  in	  10	  patients	  (	  mean	  age	  59.6	  years	  ).	  Biopsies	  were	  collected	  only	  
from	   the	   implant	   recipient	   sites	   during	   surgery	   after	   healing	   periods	   ranging	   from	   6–74	   weeks	  	  	  	  	  	  	  	  	  	  	  	  	  	  
(	  mean	  22	  ).	   In	   total,	  24	  biopsies	  were	  available;	  10	  from	  substituted	  and	  14	  from	  naturally	  healed	  
sites.	   In	   one	   site,	   the	   implant	   was	   not	   placed	   intentionally	   and,	   in	   four	   substituted	   sites,	   implant	  
placement	  had	  to	  be	  postponed	  due	  to	  inappropriate	  healing,	  hence	  from	  five	  sites	  biopsies	  were	  not	  
available.	  Histological	  sections	  were	  examined	  by	  transmitted	  light	  microscope.	  
Results:	   At	   the	   time	   of	   implant	   surgery,	   bone	   at	   substituted	   sites	   was	   softer	   than	   in	   controls,	  
compromising	   initial	   implant	   stability.	   New	   bone	   formation	   at	   substituted	   sites	   was	   consistently	  
poorer	  than	  in	  controls,	  presenting	  predominantly	  loose	  connective	  tissue	  and	  less	  woven	  bone.	  
Conclusion:	  The	  use	  of	   BoneCeramic®	   as	   a	   grafting	  material	   in	   fresh	   extraction	   sockets	   appears	   to	  
interfere	  with	  normal	  healing	  processes	  of	  the	  alveolar	  bone.	  On	  the	  basis	  of	  the	  present	  preliminary	  
findings,	   its	   indication	  as	  a	  material	   for	  bone	  augmentation	  when	   implant	  placement	   is	   considered	  
within	  6–38	  weeks	  after	  extraction	  should	  be	  revised.	  
KEY	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   BoneCeramic®,	   bone	   grafting	   material,	   extraction	   sockets,	   human	   histology,	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INTRODUCTION	  
Healing	  of	  an	  extraction	  socket	  implies	  a	  series	  of	  events	  including	  the	  formation	  and	  maturation	  of	  a	  
coagulum	   that	   subsequently	   will	   become	   replaced	   by	   a	   provisional	   matrix	   and	   woven	   bone.	  
Undisturbed	  sockets	  heal	  uneventfully	  with	  new	  bone	  formation	  1–2	  months	  following	  extraction	  1,2.	  
This	   healing	   process	   usually	   occurs	  with	   reduction	  of	   the	   height	   and	  width	   of	   the	   alveolar	   bone	   3,	  
which	   in	   some	   cases	   may	   aesthetically	   compromise	   prosthodontic	   treatment	   following	   implant	  
surgery.	   With	   increasing	   awareness	   of	   dental	   implants,	   there	   is	   an	   increasing	   demand	   for	   the	  
treatment	   of	   more	   complex	   cases	   where	   preliminary	   grafting	   is	   indicated.	   The	   ideal	   extraction	  
regimen	   for	   preserving	   or	  minimizing	   the	   edentulous	   ridge	   volume	   loss	   has	   been	   described	   2	   and	  
various	   ridge	   preservation	   techniques	   following	   tooth	   extraction	   have	   been	  proposed,	   such	   as	   the	  
placement	  of	  different	  graft	  materials	  and	  the	  use	  of	  occlusive	  membranes	   to	  cover	   the	  extraction	  
socket	   entrance	   4.	   Although	   grafting	  materials	   are	   known	   to	   encourage	   new	   bone	   formation	   by	   a	  
variety	  of	  processes	   5,6,	   the	  use	  of	   these	  materials	   in	   fresh	  extraction	  sockets	  has	  been	  questioned	  
because	   they	   seem	   to	   interfere	   with	   the	   normal	   healing	   process	   7–9.	   Studies	   in	   humans	   using	  
autogenous	   bone	   7,	   demineralized	   freeze-­‐dried	   bone	   allograft	   10,11,	   deproteinized	   bovine	   bone	  
mineral	  8,12–18,	  bioactive	  glass	  19–21,	  hydroxyapatite	  4,	  calcium	  sulphate	  22–24,	  tricalcium	  phosphate	  25–27	  
or	  polylactide/polyglycolide	  polymers	  28–31	  show	  the	  presence	  of	  particles	  of	  the	  grafting	  material	  in	  
the	   alveolar	   sockets	   6–9	   months	   following	   insertion.	   Autogenous	   bone	   induces	   bone	   formation	  
through	  osteogenesis,	  whereas	  allogenic	  bone	  is	  thought	  to	  be	  osteoinductive	  due	  to	  the	  presence	  of	  
growth	  factors.	  Xenografts,	  such	  as	  bovine	  bone	  material	  and	  alloplastic	  substitutes,	  encourage	  the	  
apposition	   of	   new	   bone	   by	   osteoconduction	   18.	   Eventually,	   anorganic	   bone	   allograft,	   bioglass	   and	  
hydroxyapatite	   become	   incorporated,	   whereas	   demineralized	   bone	   allograft,	   calcium	   sulphate	   or	  
tricalcium	  phosphate	  are	  completely	  restituted	  during	  bone	  regeneration.	  
	  
BoneCeramic®	   (Straumann	  AG,	  Basel,	  Switzerland)	   is	  a	   synthetic	  bone-­‐graft	   substitute	  designed	   for	  
augmenting	  bone	  to	  support	  dental	  implant	  procedures	  (launched	  May	  2005).	  It	  consists	  of	  biphasic	  
calcium	   phosphate,	   a	   composite	   of	   60%	   hydroxyapatite	   (100%	   cristalline)	   and	   40%	   β-­‐tricalcium	  
phosphate	   sintered	   at	   temperatures	   of	   1,100	   to	   1,500°C.	   BoneCeramic®	   is	   90%	   porous	   with	  
interconnected	  pores	  of	  100–500	  microns	  in	  diameter	  32.	  The	  aim	  of	  the	  present	  experiment	  was	  to	  
evaluate	   bone	   regeneration	   in	   healing	   sockets	   substituted	   with	   BoneCeramic®	   both	   clinically	   and	  
histologically	  in	  a	  first-­‐wave	  patient	  sample.	  
	  
	  
MATERIALS	  AND	  METHODS	  
	  
Patient	  Selection	  and	  Extraction	  Procedure	  	  	  
Patients	   presenting	   for	   multiple	   extractions	   and	   selected	   for	   later	   implant	   treatment,	   were	  
consecutively	   treated	  with	  BoneCeramic®	   as	   a	   bone	   filler	   after	   tooth	   extraction	   and	   scheduled	   for	  
delayed	  implant	  placement.	  Subjects	  were	  referred	  for	  periodontal	  and/or	  implant	  treatment.	  Teeth	  
were	   extracted	   for	  multiple	   reasons	   such	   as	   periodontal	   disease,	   root	   or	   crown	   fractures,	   or	   root	  
caries.	  In	  the	  waiting	  period	  between	  extraction	  and	  implant	  surgery,	  the	  periodontal	  condition	  was	  
improved	  by	  nonsurgical	   therapy	  and	  oral	  hygiene	   instructions	   to	  avoid	  or	  minimize	   infection	   risks	  
during	   implant	   surgery.	   All	   patients	   were	   systemically	   healthy	   and	   could	   be	   treated	   under	   local	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anesthesia.	   Mucoperiosteal	   flaps	   were	   raised	   and,	   after	   extraction	   followed	   by	   thorough	  
debridement,	  sockets	  with	  intact	  buccal	  and	  palatal	  bone	  plate	  were	  filled	  with	  BoneCeramic®,	  which	  
was	  mixed	  with	  some	  of	  the	  patient’s	  own	  blood	  aspirated	  from	  the	  extraction	  area.	  The	  assumption	  
was	   that	   a	   bone	   filler	   would	   support	   the	   soft	   tissues	   and	   enhance	   the	   aesthetical	   outcome.	   A	  
bleeding	   bone	   bed	   was	   considered	   an	   essential	   prerequisite	   for	   placement	   of	   the	   biomaterial	  
because	  the	  natural	  supplement	  of	  platelet	  derived	  growth	  factors	  and	  transforming	  growth	  factors	  
can	  reduce	  the	  healing	  time	  and	  enhance	  bone	  formation	  environment.	  	  
	  
Since	   multiple	   extractions	   were	   often	   performed	   during	   the	   same	   treatment	   session,	   extraction	  
sockets	   that	   were	   not	   in	   need	   for	   additional	   filling	   were	   left	   untreated.	   This	   was	   partly	   done	   to	  
minimize	  the	  treatment	  cost.	  As	  a	  consequence,	  it	  was	  possible	  to	  select	  in	  each	  patient	  at	  least	  one	  
socket	   for	   natural	   healing	  without	   bone	   substitute	   (	   control	   sockets	   ).	   The	   flaps	  were	   closed	   after	  
mucoperiosteal	  release	  and	  meticulously	  sutured	  over	  the	  alveolar	  crest.	  In	  multiple	  extraction	  cases,	  
this	  adequate	  coronal	  repositioning	  of	  the	  mucoperiosteal	  flap	  for	  perfect	  wound	  closure	  is	  easy	  to	  
achieve.	  This	  technique	  may	  enhance	  wound	  stability	  and	  an	  undisturbed	  healing	  process	  2.	  Hence,	  
the	  use	  of	  occlusive	  membranes	  was	  not	  advocated	  in	  none	  of	  the	  cases.	  	  
	  
Because	  the	  first	  cases	  showed	  disappointing	  healing	  at	  the	  time	  of	  implant	  surgery,	  however,	  it	  was	  
decided	   to	   perform	   a	   histological	   analysis	   of	   the	   bone	   healing.	   The	   principle	   of	   biopsy	   taking	   for	  
histological	  analysis	  was	  approved	  by	  the	  Ethics	  Committee	  of	  the	  University	  Hospital	  of	  Ghent	  since	  
it	  could	  be	  included	  as	  a	  procedure	  of	   implant	  bed	  preparation	  during	  surgery	  without	  jeopardizing	  
treatment	  outcome.	  	  	  
	  
Sampling	  and	  Histological	  Processing	  	  
Biopsies	  were	   collected	   only	   from	   the	   implant	   recipient	   sites	   during	   surgery.	   In	   total,	   23	   implants	  
were	  placed	  in	  the	  previous	  extraction	  sockets.	  In	  one	  additional	  site	  the	  implant	  was	  not	  placed	  but	  
the	   biopsy	   was	   taken.	   In	   four	   substituted	   sites,	   implant	   placement	   was	   impossible	   due	   to	  
inappropriate	   healing	   whereby	   taking	   of	   biopsies	   was	   impossible.	   Hence,	   biopsies	   were	   available	  
from	   10	   substituted	   and	   14	   naturally	   healed	   sites.	   Cylindric	   biopsies	   from	   these	   24	   sockets	   were	  
sampled	  for	  histological	  analysis	  with	  a	  hollow	  trephine	  bur	   (2.7	  mm	  x	  8	  mm	  core)	  and	  placed	   in	  a	  
fixative	  (10%	  buffered	  formalin).	  The	  biopsies	  were	  randomly	  assigned	  to	  two	  groups	  to	  be	  processed	  
either	   as	   decalcified	   or	   undecalcified	   sections;	   the	   same	   treatment	   protocol	  was	   used	   for	   biopsies	  
retrieved	  from	  the	  same	  patient.	  About	  10–12	  sections	  were	  examined	  from	  each	  biopsy.	  These	  were	  
compared	  as	  per	   the	   location	   in	   the	  biopsy	  cylinder.	   Specimens	   selected	   for	  undecalcified	   sections	  
were	  dehydrated	   in	  an	  ascending	  series	  of	  alcohol	   rinses	  and	  embedded	   in	  glycolmetacrylate	   resin	  
(Technovit®	  9100	  VLC,	  Kulzer,	  Friedrichshof,	  Germany).	  After	  polymerization,	  the	  specimens	  were	  cut	  
at	  5	  μm	  in	  the	  vertical	  plane	  using	  an	  automatic	  osteomicrotome	  with	  a	  carbide	  blade	  (SM2500,	  Leica	  
Microsystems,	  Wetzlar,	   Germany).	   The	   sections	  were	   stained	  with	   hematoxylin	   and	   eosin	   (routine	  
combination	   staining	  method),	   by	  Masson’s	   trichrome	   (three-­‐color	  method	   for	   distinguishing	   cells	  
from	  surrounding	  connective	  tissue)	  and	  by	  Von	  Kossa	  method	  (silver-­‐nitrate	  stain	  for	  demonstrating	  
deposits	  of	  calcium	  or	  calcium	  salt).	  At	  baseline,	  it	  was	  also	  planned	  to	  visualize	  the	  activity	  status	  of	  
osteoblasts	  (OB)	  in	  the	  retrieved	  samples	  by	  using	  markers	  for	  cbfa1	  (stains	  immature	  OB;	  cbfa1	  anti-­‐
goat	  1:50,	  Acris)	  on	  paraffine	  sections	  and	  osteocalcine	  (stains	  mature	  OB;	  polyclonal	  osteocalcin	  10	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μg/mL,	  Acris)	  on	  nondecalcified	  sections.	  Specimens	  selected	  for	  paraffin	  sections	  were	  decalcified	  in	  
10%	   EDTA	   for	   5–14	   days	   at	   room	   temperature	   (depending	   on	   sample	   hardness)	   and	   processed	   to	  
paraffin	   wax	   according	   to	   routine	  methods.	   Specimens	   were	   sectioned	   at	   5	   μm	   and	   stained	   with	  
hematoxylin	   and	   eosin,	   and	   by	   Masson’s	   trichrome	   method.	   The	   sections	   were	   examined	   by	  	  
transmitted	  light	  microscope.	  In	  addition,	  undecalcified	  and	  decalcified	  BoneCeramic®	  particles	  were	  
treated	  and	  prepared	  with	  the	  same	  protocols	  as	  samples	  for	  paraffin	  and	  resin	  sectioning	  to	  serve	  as	  
a	  baseline	  reference.	  	  	  
Implant	  Treatment	  	  
Osteotomies	   were	   completed	   according	   to	   routine	   protocol	   followed	   by	   placement	   of	   the	  
appropriate	  size	  of	  titanium	  dental	  implants.	  BoneCeramic®	  particles	  that	  were	  not	  removed	  during	  
implant	   bed	  preparation	   remained	   in	   contact	  with	   the	   implant	   (	   see	  Figure	   3.1A	   ).	   Three	  different	  
implant	  systems	  were	  used	  according	  to	  the	  guidelines	  of	   the	  manufacturers	   (Astra	  Tech,	  Mölndal,	  
Sweden;	   Nobel	   Biocare,	   Göthenburg,	   Sweden;	   Biomet3i,	   Palm	   Beach,	   FL,	   USA).	   Care	  was	   taken	   to	  
obtain	  primary	  stability	  and	  whenever	  necessary	  underpreparation	  of	   the	  socket	  or	  wider	   implants	  
were	   used.	   All	   implants	   were	   placed	   with	   a	   one-­‐stage	   surgical	   approach	   in	   that	   the	   healing	  
abutments	  were	   installed	   simultaneous	  with	   implant	  placement.	   In	   some	  cross-­‐arch	   rehabilitations	  




Ten	  patients	  (eight	  men	  and	  two	  women)	  were	  included	  in	  the	  histological	  study.	  They	  had	  a	  mean	  
age	  of	  59.6	  years	  (	  range	  41–81	  ).	  Three	  patients	  were	  heavy	  smokers	  of	  at	  least	  20	  cigarettes	  per	  day	  
and	  seven	  were	  non-­‐smokers.	  In	  total,	  29	  teeth	  had	  been	  extracted	  prior	  to	  surgery	  of	  which	  15	  were	  
treated	  with	  BoneCeramic®.	  After	  two	  weeks,	  the	  clinical	  appearance	  of	  the	  soft	  tissues	  around	  the	  
extraction	  sockets	  was	  similar	  in	  both	  groups	  and	  registered	  as	  good	  in	  26	  of	  the	  cases.	  At	  the	  time	  of	  
implant	  surgery,	  there	  was	  less	  resorption	  of	  the	  alveolar	  crest	  at	  the	  substituted	  sites	  as	  compared	  
with	  the	  naturally	  healed	  sites	  (	  Figure	  3.2	  ).	  Bone	  at	  substituted	  sites,	  however,	  was	  softer	  than	  bone	  
in	   naturally	   healed	   sites	   which	   was	   irrespective	   of	   the	   individual	   healing	   time.	   In	   the	   majority	   of	  
cases,	   large	   amounts	   of	   loose	   biomaterial	   were	   found	   at	   the	   time	   of	   surgery.	   These	   sites	   were	  
thoroughly	  debrided	  prior	  to	  implant	  installation	  but	  sometimes	  the	  recipient	  beds	  were	  too	  large	  to	  
get	   normal	   diameter	   implants	   initially	   stable.	   Hence,	   wider	   implants	   were	   necessary.	   Due	   to	  
differences	  in	  healing,	  radiographic	  evidence	  of	  graft	  consolidation,	  and	  patient	  availability,	  the	  time	  
between	  augmentation	  and	  implantation	  ranged	  from	  6–74	  weeks,	  with	  a	  mean	  of	  22	  weeks.	  Of	  the	  
29	   extractions	   sites,	   one	   was	   not	   prepared	   for	   implantation	   and	   hence	   not	   available	   for	   biopsy	  
taking.	  In	  two	  patients	  (#9	  and	  #10)	  with	  four	  BoneCeramic®	  grafts	  (after	  8	  and	  21	  weeks	  of	  healing	  
respectively)	   sampling	   of	   a	   bone	   core	   was	   impossible	   due	   to	   a	   complete	   lack	   of	   mineralization.	  
Implants,	  although	  planned,	   could	  not	  be	   installed	  at	   these	  sites	  and	   treatment	  was	  postponed.	   In	  
those	   two	   patients,	   as	   a	   consequence,	   no	   biopsy	  was	   taken	   from	   the	   non-­‐grafted	   sites.	   Hence,	   in	  
total,	  14	  control	  and	  10	  substituted	  sites	  were	  harvested.	  Of	  the	  15	  originally	  substituted	  sites,	  five	  
could	  not	  be	  implanted	  because	  of	  impaired	  healing	  and	  two	  of	  the	  10	  inserted	  implants	  failed	  within	  
3	  months	  after	   insertion.	  Thirteen	  of	   the	  14	  naturally	  healed	  sites	  were	   implanted;	  however,	   three	  
failed	  of	  which	  two	  in	  an	  immediate	  loading	  case.	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Figure	  3.1	  A,	  Clinical	  radiographs	  (patient	  1)	  taken	  after	  15	  months	  of	  implant	  loading.	  In	  total,	  seven	  teeth	  were	  extracted	  
for	  periodontal	  reasons;	  three	  extraction	  sockets	  remained	  ungrafted	  (22,	  13,	  14)	  and	  four	  were	  filled	  with	  BoneCeramic®	  
(12,	  23,	  24,	  25).	  After	  a	  healing	  period	  of	  10	  weeks,	  implants	  could	  be	  placed	  with	  excellent	  initial	  stability	  (13,	  14,	  15,	  21,	  
22,	  23)	  followed	  by	  immediate	  loading	  with	  a	  provisional	  resin	  bridge.	  Implants	  did	  not	  obtain	  initial	  stability	  on	  24	  and	  12,	  
both	  BoneCeramic®-­‐grafted	  sites,	  due	  to	  insufficient	  healing.	  After	  9	  months,	  the	  final	  prosthesis	  was	  put	  into	  loading.	  
Bone-­‐to-­‐implant	  contact	  is	  indicated	  with	  arrows	  and	  bone	  loss	  below	  the	  first	  implant	  thread	  is	  eminent	  on	  nongrafted	  sites	  
(14,	  13,	  22).	  Furthermore	  and	  additionally,	  a	  radio-­‐opacity	  is	  visible	  around	  the	  implant	  in	  the	  grafted	  site	  (23)	  and	  granulae	  
are	  present	  at	  the	  grafted	  but	  not	  implanted	  nor	  harvested	  bone	  site	  on	  position	  (25),	  indicating	  that	  integration	  of	  
BoneCeramic®	  in	  the	  newly-­‐formed	  bone	  was	  incomplete.	  	  
B,	  Photomicrograph	  of	  a	  control	  site	  biopsy	  (13)	  after	  10	  weeks	  of	  healing,	  showing	  excellent	  bone	  formation	  with	  woven	  
bone	  (WB)	  and	  bone	  marrow	  (BM).	  Mineralized	  bone	  areas	  are	  stained	  dark	  blue,	  while	  bone	  marrow	  stains	  grey	  to	   light	  
blue.	  Masson’s	  trichrome	  stain	  on	  paraffine	  section,	  x10.	  	  
C,	   Photomicrograph	   of	   a	   substituted	   site	   biopsy	   (12)	   after	   same	   10	   weeks	   of	   healing,	   showing	   predominantly	   dense	  
connective	   tissue	   (CT)	   without	   evidence	   of	   bone	   formation.	   Most	   of	   BoneCeramic®	   particles	   that	   were	   still	   abundantly	  
present	   as	   a	   granular	  mass	   at	   the	   time	   of	   biopsy	   taking	  were	   lost	   during	   histological	   processing.	   Because	   of	   ineffective	  
healing,	  bone	  at	  this	  site	  was	  too	  soft	  and	  no	  implant	  could	  be	  placed.	  Masson’s	  trichrome	  stain	  on	  paraffine	  section,	  x10.	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D,	  Photomicrograph	  of	  a	  substituted	  site	  biopsy	  (24)	  displaying	  a	  combination	  of	  loosely	  arranged	  connective	  tissue	  (CT)	  and	  
few	  islands	  of	  immature	  woven	  bone	  (WB).	  Note	  residual	  lamellar	  bone	  flakes	  (LB)	  at	  the	  apical	  portion	  of	  the	  biopsy.	  At	  this	  
position,	   implant	   placement	   also	  was	   impossible	   due	   to	   bone	   softness.	   Immature	  woven	   bone	   stains	   blue	   to	   purple	  with	  
central	  red	  spots	  indicating	  areas	  of	  advancing	  mineralization.	  Masson’s	  trichrome	  stain	  on	  paraffine	  section,	  x10.	  	  
E,	  Detail	  of	  (B)	  displaying	  woven	  bone	  (WB)	  with	  bone	  marrow	  (BM);	  ¥250.	  	  
F,	  Detail	  of	  (C)	  presenting	  dense,	  blue	  to	  greyish	  stained	  collagen	  bundles	  (CB)	  and	  proliferation	  of	  vessels,	  fibroblasts,	  and	  
lymphocytes.	  The	  bright	  red	  cells	  are	  erythrocytes	  issuing	  from	  local	  hemorrhage	  during	  biopsy	  taking;	  x250	  	  
G,	  Detail	  of	  (D)	  showing	  loose	  connective	  tissue	  abundant	  with	  fat	  cells	  (FC)	  and	  some	  peripheral	  islands	  of	  mineralized	  bone	  
(B);	  x250.	  
	  
The	  clinical	  results	  and	  the	  characteristics	  of	  patients,	  extraction	  sites,	  and	  implants	  are	  summarized	  
in	  Table	  1.	  	  	  	  
Histological	  Findings	  	  
In	  decalcified	  sections	  of	  biopsies	  harvested	  from	  untreated	  control	  sites,	  mature	  bone	  was	  present,	  
mainly	  comprising	  lamellar	  bone	  outlining	  the	  original	  socket,	  and	  newly	  formed	  woven	  bone	  at	  the	  
center	  of	  the	  previous	  socket	  (	  Figure	  3.3,A	  and	  B	  ).	  Formation	  of	  new	  bone	  at	  substituted	  sites	  was	  
poorer	   than	   controls,	   mainly	   exhibiting	   loosely	   arranged	   connective	   tissue	   with	   spars	   evidence	   of	  
mineralized	  bone	  in	  the	  grafted	  portion	  of	  the	  cylinders	  (	  Figure	  3.4,	  A–C	  ).	  
In	   most	   of	   the	   substituted	   samples,	   the	   coronal	   portion	   of	   the	   predominantly	   comprised	   of	  
irregularly	  arranged	  bundles	  of	  collagen	  fibers,	  proliferation	  of	  blood	  vessels	  and	  fibroblasts,	  fat	  cells	  
and	  moderate	  numbers	  of	  lymphocytes.	  At	  the	  apical	  portions	  of	  some	  of	  the	  samples,	  impaction	  of	  
small	   clusters	   of	   BoneCeramic®	   particles	   could	   be	   observed	   in	   the	   fibrotic	   tissue	  with	  weak	   to	   no	  
evidence	  of	  new	  bone	   formation.	   The	  bone	   tissue	  apically	   from	   the	  previous	   socket	   area	  was	  of	   a	  
lamellar	   type.	   These	   findings	   of	   poor	   bone	   formation	   were	   most	   pronounced	   as	   compared	   with	  
control	  sites	  in	  substituted	  sites	  of	  patients	  2,	  4,	  5,	  and	  7,	  and	  less	  explicit	  but	  still	  clearly	  present	  in	  
patients	  1,	  3,	  and	  8.	  Bone	  in	  the	  substituted	  socket	  of	  patient	  6	  harvested	  after	  74	  weeks	  	  of	  healing	  
was	  histologically	  similar	  to	  that	  of	  naturally	  healed	  bone.	  In	  the	  majority	  of	  both	  undecalcified	  and	  
decalcified	   substituted	   specimens,	   large	   amounts	   of	   non-­‐resorbed	   or	   integrated	   BoneCeramic®	  
particles	   found	   at	   the	   time	   of	   surgery	   were,	   for	   the	   greater	   part,	   almost	   completely	   lost	   during	  
histological	   preparation.	   Comparative	   baseline	   treatment	   and	   preparation	   of	   BoneCeramic®	  
particles,	   however,	   had	   shown	   no	   essential	   disintegration	   of	   the	   material	   suggesting	   that	   the	  
particles	  were	  lost	  due	  to	  poor	  tissue	  integration.	  	  
	  
Processing	   of	   the	   undecalified	   sections	   went	   well	   in	   the	   first	   samples	   but,	   further	   on,	   technical	  
problems	  came	  up	  hampering	  comparative	  immune-­‐staining	  of	  the	  complete	  set	  of	  samples.	  
In	   a	   considerable	   part	   of	   the	   substituted	   sections,	   the	   material	   broke	   up	   from	   the	   carrier	   during	  
antigen	  retrieval	  procedures,	  despite	  trying	  out	  several	  adhesives.	  It	  was	  felt	  that	  this	  was	  related	  to	  
the	   poor	   tissue	   quality	   of	   the	   retrieved	   bone	   core.	   Hence,	   data	   on	   immune-­‐staining	   could	   not	   be	  
presented	  in	  the	  manuscript.	  In	  addition,	  for	  the	  same	  reason	  histomorphometry	  was	  not	  performed.	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Figure	  3.2	  A,	  Clinical	  aspect	  during	  implant	  surgery	  after	  16	  weeks	  of	  healing	  (patient	  2),	  showing	  	  
B,	   elevated	   and	   granulomateous/fibrous	   tissue	   at	   substituted	   site	   (*)	   versus	   slightly	   depressed	   and	   compact	   aspect	   at	  
naturally	  healed	  site	  (**).	  
	  
	  
No	   relation	   was	   detected	   between	   bone	   quality	   and	   age,	   pre-­‐extraction	   status,	   healing	   period,	  
wound	   closure,	   and/or	   smoking.	   In	   only	   one	   available	   biopsy	   from	  a	   substituted	   site	   (	   patient	   4	   ),	  
poor	   initial	  wound	  healing	  was	  associated	  with	  poor	  bone	   formation	  and	  a	   large	   inflammatory	  cell	  
infiltrate	   (	   lymphocytes	   and	   macrophages	   )	   throughout	   the	   biopsy.	   One	   should	   keep	   in	   mind,	  
however,	  that	  from	  4	  substituted	  sites,	  a	  biopsy	  could	  not	  be	  analyzed	  because	  of	  clearly	  ineffective	  




The	   present	   study	   was	   based	   on	   preliminary	   and	   disappointing	   findings	   of	   extraction	   socket	  
substitution	  with	  BoneCeramic®	  prior	  to	   implant	  procedures.	  As	  can	  be	  seen	   in	  Figure	  3.2B,	   loosely	  
packed	   granular	   tissue	   was	   found	   at	   the	   coronal	   part	   of	   the	   substituted	   sockets	   at	   the	   time	   of	  
implant	  surgery.	  The	  latter	  contained	  dispersed	  amounts	  of	  BoneCeramic®	  granules,	  jeopardizing	  the	  
placement	   of	   dental	   implants	  with	   a	   good	   initial	   stability.	   As	   a	   consequence	   and	   based	   on	   ethical	  
considerations,	   the	  present	  study	  was	  not	  designed	  on	  forehand	  and	  hence	  the	  patient’s	   inclusion,	  
selection	  of	  sites,	  filling	  of	  the	  defects	  in	  the	  substituted	  sites,	  flap	  handling	  and	  suturing	  was	  merely	  
depending	  on	   the	  surgeon’s	  clinical	   choice	  during	   the	   treatment.	  As	  a	  consequence,	   the	   treatment	  
protocol	  may	  be	  somewhat	  inconsistent.	  On	  the	  other	  hand,	  many	  new	  biomaterials	  are	  CE	  marked	  
but	  not	  always	  supported	  with	  adequate	  studies	  backing	  them	  up.	  At	  the	  time	  of	  the	  launch	  and	  the	  
clinical	  application	  in	  the	  cases	  presented	  in	  this	  study,	  no	  clear	  clinical	  guidelines	  were	  included	  by	  
the	  manufacturer;	  the	  provided	  description	  of	  the	  product	  composition	  was	  vague	  and	  suggestions	  
regarding	  healing	  time	  were	  lacking.	  Hence,	  it	  was	  the	  feeling	  of	  the	  authors	  that	  the	  poor	  outcome	  
achieved	  with	  the	  performed	  treatment	  protocol	  had	  to	  be	  reported.	  	  
	  
In	   the	   present	   study,	   implant	   installation	   at	   extraction	   sites	   that	   had	   previously	   been	   filled	   with	  
BoneCeramic®	  was	   generally	   compromised	   by	   poor	   formation	   of	   new	   bone	   although	   the	  mucosal	  
wound	  healing	  seemed	  overall	  clinically	  acceptable	  with	  a	  proper	  socket	  closing.	  From	  five	  out	  of	  the	  
15	  grafted	  sockets	  –	   representing	   three	  of	   the	  10	  patients	  –	   there	  were	  no	  biopsies	  analyzed.	  One	  
because	  the	  site	  was	  not	  prepared	  for	  an	  implant	  recipient	  site	  and	  four	  because	  there	  was	  no	  bone	  
core	  to	  harvest.	  It	  was	  merely	  infectious	  soft	  tissue	  with	  graft	  particles	  that	  could	  be	  removed	  easily.	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In	  those	  patients,	  after	  proper	  socket	  debridement	  and	  removal	  of	  the	  granulation	  tissue	  mixed	  with	  
the	  graft	  material,	  the	  dimensions	  of	  the	  socket	  did	  not	  allow	  proper	  implant	  placement.	  
	  
As	  a	  consequence,	  in	  two	  patients,	  the	  placement	  of	  four	  implants	  had	  to	  be	  postponed	  until	  proper	  
healing	  had	  occurred.	  Hence,	  biopsies	  of	  the	  control	  bone	  and	  the	  grafted	  bone	  were	  lacking	  and	  the	  
clinical	   protocol	   was	   unforeseeably	   changed.	   This,	   of	   course,	   is	   of	   clinical	   importance	   and	   affects	  
patient	  centered	  outcome	  with	  the	  treatment.	  	  
	  
The	  histological	  examination	  of	  biopsies	  collected	  at	   the	   time	  of	   implant	  surgery	  showed	  that	  sites	  
filled	   with	   BoneCeramic®	   had	   less	  mineralized	   bone	   tissue	   in	   the	   grafted	   portion	   as	   compared	   to	  
their	   naturally	   healed	   homologues.	   The	   better	   results	   in	   patient	   6	   (74	  weeks	   of	   healing)	   and,	   to	   a	  
lesser	  degree,	  patient	  8	   (38	  weeks)	   suggest	   that	   the	  biomaterial	   in	   focus	  may	  be	   responsible	   for	  a	  
considerable	  delay	  of	  new	  bone	  formation.	   	  Because	   it	   is	  well	  established	  that	   implant	  surgery	  can	  
already	  take	  place	  in	  naturally	  healed	  sockets	  8	  weeks	  after	  tooth	  extraction	  33,	  the	  present	  findings	  
compel	   to	   revise	   the	   indication	   of	   BoneCeramic®	   as	   a	   grafting	  material	   for	   bone	   augmentation	   of	  
extraction	   sockets	  when	   insertion	  of	  a	  dental	   implant	   is	   considered	  within	  a	  period	  of	  6–38	  weeks	  
after	  extraction.	  	  
	  
Because	  the	  present	  number	  of	  patients	   is	  too	  limited	  and	  three	  different	   implant	  types	  were	  used	  
with	   different	   loading	   protocols,	   it	   is	   not	   scientifically	   appropriate	   to	  make	   a	   statistical	   analysis	   of	  
implant	   survival	   of	   the	   grafted	   versus	   non-­‐grafted	   sockets.	  Nevertheless,	   the	   total	   number	   of	   four	  
out	  of	   19	   implant	   failures	   (21%)	   is	   unacceptably	   high.	   The	  early	   loss	   of	   one	   implant	   supporting	   an	  
immediately	  loaded	  rehabilitation	  may,	  of	  course,	  jeopardize	  other	  implants	  because	  of	  overloading.	  
Consequently,	  it	  is	  difficult	  to	  link	  implant	  loss	  to	  the	  nature	  of	  the	  socket.	  It	  is	  nevertheless	  tempting	  
to	   suggest	   that	   the	   impaired	   healing	   of	   the	   recipient	   sites	   may	   affect	   implant	   survival.	   Further	  
investigation	   needs	   to	   focus	   on	   possible	   relationships	   between	   implant	   survival	   and	   site	  
characteristics,	   such	   as	   healing	   period	   of	   the	   augmented	   sockets	   but	   also,	   for	   example,	   wound	  
closure	  procedures	  with	  or	  without	  the	  use	  of	  occlusive	  barriers	  34.	  	  
	  
Many	   studies	   have	   reported	   on	   the	   efficacy	   of	   a	   variety	   of	   graft	   materials.	   Within	   the	   group	   of	  
osteoconductive	  graft	  materials,	  synthetic	  hydroxyapatite	  (HA)	  35	  and	  α–tricalcium	  phosphate	  (TCP)	  
ceramics	   22,36–38	   have	   been	   the	   subject	   of	   considerable	   investigation.	   Both	   HA	   and	   TCP	   –	   the	   two	  
components	  of	  BoneCeramic®	  –	  are	  well-­‐known	  biomaterials	  used	  for	  many	  decades	  as	  a	  
bone	   substitute	   for	   small	   defects	   of	   the	   jaws.	  HA	  was	   used	   increasingly	   during	   the	   1980s,	   not	   the	  
least	  for	  its	  good	  biocompatibility.	  The	  ingrowth	  of	  bone	  tissue	  has	  been	  detected	  only	  at	  the	  direct	  
contact	   interface	   with	   native	   bone,	   whereas	   more	   distant	   granulae	   displayed	   connective	   tissue	  
encapsulation	  regardless	  of	  the	  type	  of	  HA	  applied	  39.	  Major	  disadvantages	  of	  HA	  are	  brittleness,	  little	  
mechanical	   strength,	   poor	   resorption,	   and	  difficult	   control	   of	   pore	   size	  by	   conventional	   processing	  
methods	  40.	  	  Because	  of	  these	  important	  drawbacks,	  it	  is	  recommended	  to	  limit	  application	  to	  areas	  
that	   do	   not	   require	   mechanical	   strength	   41.	   Although	   previous	   studies	   of	   implant	   survival	   in	  
extraction	  sockets	  augmented	  with	  HA	  have	  reported	  high	  success	  rates	  42,43	  there	  are	  no	  sufficient	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Figure	  3.3	  A,	  Photomicrograph	   illustrating	  a	  control	  site	  specimen	  (23	  weeks	  of	  healing	  –	  patient	  3),	  comprised	  of	  woven	  
bone	  (WB)	  and	  bone	  marrow	  (BM)	  in	  the	  coronal	  part	  and	  lamellar	  bone	  (LB)	  in	  the	  apical	  part.	  Dotted	  line	  indicates	  outline	  
of	  the	  original	  socket.	  Masson’s	  trichrome	  stain	  on	  paraffine	  section,	  x10.	  
B,	  Higher	  magnification	  of	  (A)	  showing	  woven	  bone	  (WB)	  and	  bone	  marrow	  (BM)	  with	  osteoblasts	  (OB).	  Mineralized	  bone	  
areas	  are	  stained	  dark	  blue.	  Masson’s	  trichrome	  stain	  on	  paraffine	  section,	  x250.	  
	  
	  
data	   as	   to	   the	   long-­‐term	   effects	   of	   HA	   incorporation	   on	   the	   metabolism	   and	   the	   biomechanical	  
properties	   of	   the	   implant-­‐supporting	  bone.	   In	   contrast,	   TCP	  has	   little	   biomechanical	   disadvantages	  
and	   shows	   high	   biocompatibility	   and	   osteoconductivity	   25,44,45.	   	   TCP	   shows	   a	   more	   favorable	  
resorption	   behavior	   but	   it	   was	   demonstrated	   that	   dissolution	   occurred	   before	   cell	   adhesion	   is	  
possible,	   evoking	   a	   primary	   lymphocyte	   inflammatory	   39.	   	   When	   grafted	   into	   bone	   defects,	  
multinucleated	  giant	  cells	  incorporate	  TCP	  prior	  to	  osteoblastic	  activities	  46.	  	  Previous	  studies	  showed	  
that	  TCP	  degrades	  either	  through	  osteoclastic	  resorption	  or	  by	  chemical	  dissolution	  by	  the	  interstitial	  
fluid	  37.	  Although	  TCP	  is	  expected	  to	  degrade	  three	  times	  faster	  than	  HA,	  the	  predictability	  of	  ceramic	  
degradation	   in	   vivo	   remains	   poor	   47,48.	   	   Furthermore,	   the	   extent	   of	   degradation	   depends	   on	  many	  
factors,	   such	   as	   crystallinity,	   porosity,	   density,	   particle	   form	  and	   size	   49	   the	  host,	   and	   implantation	  	  
site	   50.	   	   In	   vivo	  experiments	  using	   rabbits	   51	   and	   rats	   52	   demonstrated	   that	   TCP	  may	   resorb	   and	  be	  
replaced	  by	  newly	   formed	  bone	  within	  1	  month	   52	   to	  3	  months	   51.	   	  However,	  Nair	   and	   co-­‐workers	  
found	   that	   osseous	   healing	   was	   considerably	   delayed	   as	   compared	   with	   control	   sites	   due	   to	   the	  
presence	  of	  TCP	  particles	  53.	  Several	  authors	  also	  reported	  on	  a	  predominant	  bone	  resorption	  at	  the	  
early	  stage	  of	  bone	  healing	  associated	  with	  the	  use	  of	  α-­‐TCP	  54–56.	   	  On	  the	  other	  hand,	  when	  dental	  
implant	  placement	  and	  grafting	  with	  TCP	  are	  done	  concomitantly,	  new	  bone	   is	   formed	   resembling	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Figure	  3.4	  A,	  Photomicrograph	  of	  an	  experimental	  specimen	  from	  a	  substituted	  site	  (BoneCeramic®;	  23	  weeks	  of	  healing	  –	  
patient	  3),	  characterized	  by	  loosely	  arranged	  connective	  tissue	  at	  the	  coronal	  portion	  and	  proliferation	  of	  vessels,	  fat	  cells,	  
and	   clusters	  of	  BoneCeramic®	  particles	  at	   the	  apical	   portion.	   Lamellar	  bone	   flakes	   (LB)	  are	  present	  at	   the	  apical	   portion,	  
probably	   representing	   remnants	   from	   the	   original	   socket	   walls	   included	   during	   insertion	   of	   the	   graft	  material	   or	   during	  
retrieval	  of	  the	  biopsy.	  Mineralized	  bone	  is	  stained	  dark	  blue	  to	  purple	  blue.	  Masson’s	  trichrome	  stain	  on	  paraffine	  section,	  
x10.	  
	  B,	   Higher	   magnification	   of	   the	   coronal	   portion	   of	   (A)	   showing	   collagen	   bundles	   (CB)	   and	   proliferation	   of	   fat	   cells	   (FC),	  
fibroblasts,	  and	  lymphocytes.	  Collagen	  fibers	  stain	  light	  blue	  to	  greyish	  blue.	  Masson’s	  trichrome	  stain	  on	  paraffine	  section,	  
x250.	  	  
C,	   Higher	   magnification	   of	   the	   apical	   portion	   of	   (A).	   Note	   the	   presence	   of	   BoneCeramic®	   particles	   (BC)	   surrounded	   by	  
remnants	  of	  fat	  cells	  and	  lamellar	  bone	  flakes	  (LB).	  BoneCeramic®	  particles	  do	  not	  stain	  and	  have	  a	  slightly	  phosphorescent	  
aspect	  under	  light	  microscopy.	  Masson’s	  trichrome	  stain	  on	  paraffine	  section,	  x100.	  	  
	  
At	  present,	  human	  studies	  on	  the	  clinical	  and	  histological	  outcome	  of	  socket	  supplementation	  with	  
BoneCeramic®	  are	  scarce.	  Vlah	  and	  co-­‐workers	  reported	  an	  excellent	  primary	  implant	  stability	  of	  at	  
least	   35	   Ncm	   at	   sockets	   that	   had	   been	   augmented	   with	   BoneCeramic®	   3	   months	   before	   implant	  
placement	  57.	  	  In	  the	  present	  study,	  a	  good	  primary	  wound	  closure	  was	  obtained	  without	  the	  use	  of	  
occlusive	  barriers,	  such	  as	  membranes	  or	  gingival	  grafts.	  Although	  this	  approach	  was	  different	  from	  
Vlah’s	   (occlusion	   of	   grafting	   material	   with	   a	   gelatin	   tampon	   and	   a	   cross-­‐suture	   of	   expanded	  
polytetrafluorethylene),	   the	   difficulties	   experienced	   during	   implant	   insertion	  may	   not	   implicitly	   be	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attributed	  to	  differences	  in	  wound	  closure	  procedures.	  It	  was	  suggested	  by	  others	  34,58	  that	  the	  use	  of	  
occlusive	  barriers	   in	  augmenting	  procedures	  does	  not	  warrant	  a	  more	  effective	   substitution	  of	   the	  
grafting	   material	   by	   new	   bone.	   In	   the	   latter	   study,	   dense	   fibrous	   connective	   tissue	   was	   seen	  
surrounding	  BoneCeramic®	  particles	   in	   the	  coronal	  part	  of	  a	  number	  of	  biopsies	  after	  8	  months	  of	  
healing.	   At	   the	   cellular	   level,	   recent	   in	   vitro	   culture	   of	   mice	   L-­‐929	   fibroblasts	   in	   the	   presence	   of	  
BoneCeramic®	   over	   a	   period	   of	   28	   days	   showed	   that	   the	   biomaterial	   does	   not	   affect	   cell	   viability.	  
Nevertheless,	  the	  initial	  metabolic	  activity	  of	  the	  cells	  (proliferation	  rate,	  cell	  spreading)	  was	  reduced	  
compared	   with	   that	   of	   control	   cells,	   suggesting	   an	   important	   role	   of	   material	   surface	  	  	  	  	  	  
characteristics	  59.	   	  Future	  product	  research	  and	  development	  should	  focus	  on	  processing	  properties	  
in	  order	   to	  enhance	  and	   increase	   initial	   cell	   adhesion,	  more	   in	  particular	  of	   young	  osteoblasts	  and	  
differentiating	  endothelial	  cells,	  at	  the	  biomaterial	  surface.	  Among	  both	  substituted	  and	  control	  sites,	  
no	  differences	  were	  seen	  in	  bone	  formation	  between	  smokers	  and	  nonsmokers	  (	  Table	  1	  ).	  Although	  
previous	  authors	  suggested	  that	  smoking	  may	  lead	  to	  a	  more	  significant	  dimensional	  reduction	  of	  the	  
residual	  alveolar	   ridge	  and	  may	  postpone	  postextraction	   socket	  healing	   60,	  no	  valuable	   conclusions	  
could	  be	  made	  on	  this	  subject	  due	  to	  the	  small	  sample	  size.	  
The	  present	  results	  indicate	  that	  bone	  formation	  at	  sites	  substituted	  with	  BoneCeramic®	  was	  poorer	  
than	   controls	   after	   a	  mean	  healing	   period	  of	   22	  weeks.	   Although	   there	  was	   less	   resorption	  of	   the	  
alveolar	  bone	  at	  substituted	  sites,	   it	   is	  worthy	  of	  note	  that	  the	  relative	  volume	  of	  new	  bone	  within	  
grafts	  was	  smaller	  and	  was	  more	  comprised	  of	  loose	  connective	  tissue	  compared	  with	  sockets	  left	  to	  
heal	  naturally.	  Although	  the	  present	  sample	  size	  was	  too	  small	  for	  statistical	  analysis,	  the	  implication	  
in	   this	   series	   of	   cases	   was	   that	   the	   overall	   bone	   quality	   was	   inferior	   to	   that	   of	   naturally	   healed	  
sockets,	   which	   compromised	   the	   insertion	   of	   normalized	   implants	   and	  may	   also	   have	   jeopardized	  
implant	  survival.	   In	  a	   recent	  paper,	  BoneCeramic®	  was	  used	   in	  sinus	   floor	  augmentation	   61.	  After	  a	  
waiting	  time	  of	  6	  to	  8	  months	  prior	  to	  implant	  placement	  human	  histology	  revealed	  that	  the	  bone	  to	  
graft	   contact	   was	   34.0%.	   Compared	  with	   anorganic	   bovine	   bone,	   the	  material	   showed	   less	   newly	  
formed	  bone.	  This	  delayed	  healing	  would	  suggest	  a	  longer	  waiting	  time.	  Indeed,	  a	  prolonged	  healing	  
time	  (case	  #6	  and	  #8)	  showed	  an	  improved	  bone	  mineralization	  in	  the	  grafted	  portion.	  The	  feasibility	  
to	   prolong	   the	   time	   between	   extraction	   and	   implant	   placement	   in	   clinical	   practice	   is,	   however,	  
doubtful.	  Another	  possible	  reason	  for	  the	  treatment	  outcome	  with	  BoneCeramic®	  could	  be	  related	  to	  
the	   fact	   that	   no	   occlusive	  membranes	  were	   used	   to	   cover	   the	   fresh	   extraction	   defects.	   There	   is	   a	  
consensus	  that	  membranes	  are	  needed	  when	  immediate	  placement	  (extraction	  followed	  by	  implant	  
insertion)	  is	  performed,	  certainly	  in	  conjunction	  with	  biomaterial	  use	  62.	  In	  normal	  extraction	  sockets	  
without	   implant	   placement,	   wound	   closure	   with	   coronal	   flap	   displacement	   is	   also	   considered	   an	  
alternative	   technique2.	   	   It	   is	   also	   known	   that	  membrane	   covered	  defects	  present	  with	   significantly	  
less	   ridge	  atrophy	   than	  control	   sites.	  This	  was,	  however,	  also	  observed	   in	   the	  present	   study	   in	   the	  
substituted	  sites	  without	  the	  use	  of	  membranes.	  It	  is	  clear	  from	  the	  preliminary	  findings	  of	  our	  study	  
that	   further	   studies	   should	  address	   the	  biological	  mechanisms	  as	  well	   as	  material,	   site	  and	  patient	  
characteristics	   that	   influence	   implant	   integration/survival	   in	   extraction	   sockets	   supplemented	  with	  
BoneCeramic®.	  This	  includes,	  among	  others,	  the	  long-­‐term	  influence	  of	  the	  presence	  of	  incorporated	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CONCLUSIONS	  
	  
On	   the	  basis	  of	   the	  present	  preliminary	   findings,	   it	   can	  be	   concluded	   that	   socket	   supplementation	  
with	  BoneCeramic®	  yields	  excellent	  results	  with	  respect	  to	  volume	  preservation	  of	  the	  alveolar	  crest	  
but	   influences	   bone	   healing	   negatively.	   That	   is,	   new	   bone	   formation	   is	   retarded	   and	   inefficient	  
compared	  with	  naturally	   healed	   sockets	   after	   equal	   healing	   periods	   (ranging	   6–74	  weeks).	   Further	  
research,	  based	  on	  a	  proper	  designed	  study	  with	  adequate	  numbers	  for	  statistical	  analysis,	  is	  needed	  
to	   scrutinize	   the	   biological	   mechanisms	   and	   the	   long-­‐term	   clinical	   benefits	   of	   the	   procedure.	   The	  
authors	   emphasize	   the	   need	   for	   clear	   instructions	   concerning	   the	  minimum	   healing	   period	   at	   the	  
time	   of	   launching	   of	   new	   grafting	   materials,	   which	   should	   be	   based	   on	   multivariate	   studies	  
implicating	   different	   patient	   and	   site	   characteristics.	   Unfortunately,	   until	   today,	   the	  manufacturer	  
has	   not	   provided	   evidence	   based	   on	   histological	   studies	   to	   provide	   insight	   in	   the	   usage	   of	   the	  
biomaterial	  discussed	  in	  the	  present	  study	  in	  extraction	  sockets.	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A	  literature	  review	  on	  biomaterials	  in	  
sinus	  augmentation	  procedures	  
Browaeys	  H,	  Bouvry	  P,	  De	  Bruyn	  H.	  
	  
ABSTRACT	  
Background:	   Sinus	   augmentation	   is	   a	   common	   procedure	   to	   increase	   bone	   volume	   and	   allow	   for	  
proper	   implant	   placement	   in	   the	   atrophic	   posterior	   maxilla.	   Although	   the	   patient’s	   own	   bone	   is	  
considered	   the	   best	   grafting	  material,	   various	   synthetic	   or	   bovine-­‐derived	   alternatives	   are	   used	   to	  
simplify	  the	  grafting	  procedure.	  
Purpose:	   The	  overall	  objective	  of	   this	   review	  was	   to	  assess	   the	  efficacy	  of	  different	  graft	  materials	  
used	  in	  sinus	  augmentation	  procedures	  as	  demonstrated	  in	  animal	  studies.	  
Materials	  and	  Methods:	  A	  specific	  and	  sensitive	  database	  was	  initially	  created	  via	  PUBMED,	  focusing	  
on	   studies	   published	   in	   English	   peer-­‐reviewed	   journals	   between	  1995	   and	   2004	   and	   kept	   updated	  
until	  2006.	  
Results:	  Twenty-­‐six	  articles	  were	  available	  for	  comparison	  and	  discussion;	  none	  concerned	  the	  use	  of	  
alloplastic	  materials;	  24	  were	  comparative	  histomorphometric;	  and	  two	  were	  biomechanical	  studies.	  
Because	  of	  a	  great	  variability	  in	  study	  designs,	  different	  implant	  types,	  great	  range	  in	  follow-­‐up,	  and	  
lack	  of	  specific	  integration	  or	  loading	  period,	  a	  comparison	  of	  the	  studies	  and	  the	  biomaterials	  used	  
was	  difficult.	  
Conclusions:	   In	   general,	   autogenous	   bone	   is	   the	   most	   predictable	   material	   of	   choice	   for	  
augmentation	  procedures,	   despite	   a	   40%	   resorption,	   because	   it	   is	   highly	   osteoconductive	   and	   less	  
dependent	   on	   sinus	   floor	   endosteal	   bone	   migration.	   The	   addition	   of	   bovine	   bone	   mineral	   to	  
autogenous	   bone	   can	   be	   beneficial	   for	   graft	   success	   because	   it	   acts	   as	   a	   slowly	   resorbing	   space	  
maintainer.	   Porous	   hydroxyapatite	   is	   suitable	   when	   mixed	   with	   autogenous	   bone	   because	   it	  
enhances	  bone	  formation	  and	  bone-­‐to-­‐implant	  contact	  in	  augmented	  sinuses.	  Histological	  evaluation	  
showed	  that	  demineralized	  freeze-­‐dried	  bone	  is	   inferior	  to	  other	  materials.	  Within	  the	  limitation	  of	  
the	   animal	   studies	   examined	   in	   this	   review	   and	   only	   based	   on	   histological	   examination,	   the	   initial	  
osseointegration	  of	  implants	  seems	  independent	  of	  the	  biomaterial	  used	  in	  grafting	  procedures.	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The	  placement	  of	  dental	  implants	  in	  the	  atrophic	  posterior	  maxilla	  is	  challenging	  in	  implant	  surgery	  1.	  
The	  overall	  long-­‐term	  failure	  rate	  is	  higher	  in	  the	  posterior	  maxilla	  than	  in	  the	  mandible	  2,3,	  which	  has	  
been	  related	  to	  bone	  quality	  and	  quantity	  4,5.	  Several	  procedures	  and	  materials	  for	  augmenting	  bone	  
height	   have	   been	   developed	   to	   overcome	   the	   problem	   of	   reduced	   amount	   of	   bone	   6.	   Sinus	  
augmentation	   has	   become	   a	   standard	   procedure	   to	   increase	   bone	   height	   in	   the	   posterior	  maxilla,	  
allowing	  placement	  of	   long	   dental	   implants	   7.	   In	   general,	   the	   implants	   are	   inserted	   after	   a	   healing	  
time	  of	  4	  to	  6	  months	  8.	  	  
Although	  the	  sinus	  lifting	  can	  be	  performed	  under	  local	  anesthesia,	  	  harvesting	  of	  graft	  material	  from	  
the	   chin,	   retromolar	   region,	   iliac	   crest,	   or	   calvarium	   complicates	   the	   treatment,	   because	   it	   often	  
requires	   general	   anaesthesia	   and	   hospitalization.	   It	   is,	   therefore,	   an	   additional	   barrier	   for	   patient	  
selection.	  To	  overcome	  extensive	  bone	  grafting,	  correlated	  to	  donor	  site	  morbidity,	  several	  artificial	  
materials	  have	  been	  used.	  	  
Table	  1	  summarizes	  the	  most	  commonly	  used	  materials	  and	  the	  abbreviations	  used	  in	  the	  article.	  The	  
biomaterials	  used	  are	  divided	  into	  four	  categories:	  	  
	  
	  
1.	  Autogenous	  grafts	   are	   transferred	   from	  one	   location	   to	  another	  within	   the	   same	   individual	  and	  
are	  harvested	  either	  from	  intraoral	  or	  from	  extraoral	  donor	  sites.	  Calvarium	  bone	  is	  still	  considered	  
the	  most	  predictable	  material	  for	  sinus	  grafting	  procedures	  9,10.	  
2.	  Allogenic	   grafts	   are	   transferred	  between	   genetically	   dissimilar	  members	   of	   the	   same	   species.	   A	  
commonly	  used	  material	   is	  demineralized	   freeze-­‐dried	  bone	   (	  DFDB	   ).	  The	  process	  of	   freeze	  drying	  
reduce	  the	  antigenicity	  of	  the	  material	  11,	  and	  the	  decalcification	  stresses	  the	  osteogenic	  potential	  by	  
exposing	  bone	  morphogenetic	  proteins,	   inducing	  host	   cells	   to	  differentiate	   into	  osteoblasts	   12.	   The	  
Sinus	  Conference	  in	  1996	  concluded	  that	  DFDB	  is	  not	  an	  appropriate	  bone	  substitute	  because	  of	  the	  
risk	  for	  disease	  transmission	  and	  pronounced	  resorption	  13.	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3.	   The	   xenogenic	   grafts	   are	   taken	   from	   a	   donor	   of	   another	   species.	   Commonly	   used	   are	   bovine	  
bonemineral	  (	  BBM	  )	  and	  porous	  hydroxyapatite	  (	  pHA	  ),	  derived	  from	  coral	  skeletons.	  The	  mineral	  
structure	  and	  surface	  of	  BBM	  resembles	  autogenous	  bone.	  One	  gram	  of	  BBM	  has	  a	  surface	  of	  80m	  14	  
and	  can	  therefore	  act	  as	  a	  suitable	  osteoconductive	  material.	  
4.	   The	   alloplastic	  materials	   are	   inorganic,	   synthetic	   biocompatible	   bone	   graft	   substitutes,	   such	   as	  
hydroxyapatite	  (	  HA	  ),	  beta-­‐tricalcium	  phosphate	  (	  β-­‐TCP	  ),	  polymers,	  and	  bioactive	  glasses.	  
The	   incorporation	   of	   platelet-­‐rich	   plasma	   (	   a	   PRP	   ),	   platelet-­‐derived	   growth	   factors	   (	   PDGF	   ),	   and	  
transforming	  growth	  factor	  (	  TGF-­‐β	  )	  into	  the	  sinus	  graft	  is	  often	  clinically	  performed	  as	  a	  method	  to	  
reduce	   the	   healing	   time	   and	   enhance	   bone	   formation	   within	   the	   subantral	   environment.	   Growth	  
factors	  can	  be	  added	  to	  all	  grafting	  materials.	  Platelets	  are	  a	  known	  source	  of	  growth	  factors	  such	  as	  
PDGF	  and	  TGF-­‐β	   15.	   PRP	   is	   a	  platelet	   concentrate	  derived	   from	  blood.	  Platelet	   gel	   allows	  access	   to	  
autologous	  growth	  factors,	  which	  by	  definition	  are	  neither	  toxic	  nor	  immunogenic	  and	  are	  capable	  of	  
accelerating	   the	   normal	   processes	   of	   bone	   regeneration.	   PRP	   has	   been	   proposed	   as	   a	   useful	  
instrument	  for	  increasing	  the	  quality	  and	  final	  quantity	  of	  regenerated	  bone	  in	  oral	  and	  maxillo-­‐facial	  
surgery.	   However,	   the	   literature	   is	   conflicting	   with	   respect	   to	   the	   adjuvant	   use	   of	   PRP	   in	   sinus	  
augmentation.	   Factors	   that	   may	   contribute	   to	   this	   conclusion	   are	   the	   variability	   in	   study	   designs,	  
differing	  platelet	  yields,	  and	  differing	  methods	  of	  quantifying	  bone	  regeneration	  and	  wound	  healing.	  
The	  use	  of	  PRP	  is	  based	  on	  the	  theoretical	  premise	  that	  by	  concentrating	  platelets,	  the	  effects	  of	  the	  
released	  growth	  factors	   (	  PDGF,	  TGF-­‐β,	   IGF-­‐I,	  and	   IGF-­‐II	   )	  will	   increase.	  Another	  well-­‐known	  growth	  
factor	  is	  bone	  morphogenetic	  protein	  (	  BMP-­‐7	  ),	  which	  is	  osteoinductive	  and	  may	  have	  the	  potential	  
to	  stimulate	  mesenchymal	  cells	  to	  differentiate	  into	  bone-­‐forming	  cells	  16.	  BMP-­‐7	  has	  been	  found	  to	  
be	   osseoinductive	   and	   osseopromotive	   for	   osseointegration.	   The	   supplementation	   of	   autogenous	  
bone-­‐derived	  cells	  (	  ABC	  )	  to	  a	  cell-­‐free	  grafting	  material	  such	  as	  BBM	  has	  also	  been	  reported	  17.	  The	  
reason	  for	  adding	  a	  small	  amount	  of	  autogenous	  bone	  is	  to	  add	  osteoblasts,	  combined	  with	  PRP,	  with	  
the	  purpose	  of	  using	   the	  osteoinductive	  capacity	  of	  bone.	  The	  aim	  of	   this	  article	  was	   to	  assess	   the	  
efficacy	   of	   different	   graft	   materials	   used	   in	   sinus	   augmentation	   procedures	   based	   on	   histological	  
examination,	  thus	  limiting	  the	  investigation	  to	  a	  review	  of	  animal	  studies.	  
	  
	  
MATERIALS	  AND	  METHODS	  
Search	  Protocol	  and	  Selection	  of	  Articles	  	  
The	  search	  protocol	  used	  the	  electronic	  database	  PUBMED,	  with	  a	  time	  limit	  from	  1995	  to	  2004.	  The	  
search	  strategy	  utilized	  a	  combination	  of	  MeSH	  terms	  and	  text	  words	  as	  indicated	  in	  Table	  2	  and	  kept	  
updated	  until	  2006.	  The	  reference	   lists	  of	  each	  article	  completed	  the	  database.	  We	  decided	  not	   to	  
use	  any	  inclusion	  or	  exclusion	  criteria	  to	  ensure	  the	  sensitivity	  of	  our	  database.	  Only	  peer-­‐reviewed	  
articles	  written	  in	  English	  were	  selected.	  	  
In	   the	   selected	   articles,	   a	   great	   variation	   in	   the	   number	   (	   range	   8–72	   )	   of	   sinuses,	   treated	   with	  
grafting	  material,	  was	  observed,	  and	  factors	  such	  as	  grafting	  material,	  simultaneous	  versus	  delayed	  
implant	   placement,	   length	   of	   direct	   bone-­‐to-­‐implant	   contact	   in	   millimeters	   (	   BIB	   ),	   percentage	   of	  
bone	   in	   direct	   contact	   with	   implant	   surface	   (	   BIC	   ),	  mean	   proportion	   of	   new	   bone,	   and	   height	   of	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newly	   mineralized	   bone	   were	   investigated.	   The	   biomaterials	   used	   as	   graft	   material	   were	   DFDB,	  
human	  demineralized	  freeze-­‐dried	  bone	  (	  hDFDB	  ),	  sheep	  demineralized	  freeze-­‐dried	  bone	  (	  sDFDB	  ),	  





Twenty-­‐two	  articles	  derived	  from	  the	  combined	  search	  of	  terms	  2,	  7,	  8,	  and	  9	  (	  Table	  2	  ),	  completed	  
with	  four	  articles	  found	  in	  the	  reference	  and	  citation	  lists	  mentioned	  above.	  No	  articles	  were	  found	  
concerning	  the	  use	  of	  alloplastic	  materials.	  As	  a	  result,	  26	  articles	  were	  used	  for	  this	  review,	  of	  which	  
24	  were	  comparative	  histomorphometric	  studies	  and	  two	  were	  biomechanical	  studies.	  
Autogenous	  Bone	  
Of	   the	   20	   articles,	   8	   discussed	   the	   use	   of	   autogenous	   bone	   for	   augmenting	   the	   maxillary	   sinus	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
(	  Table	  3	  ).	  In	  the	  absence	  of	  implant	  loading,	  a	  reduction	  of	  40%	  in	  bone	  volume	  was	  measured	  18.	  
When	   autogenous	   bone	   was	   combined	   with	   BMP-­‐7,	   pHA,	   or	   BBM,	   a	   more	   pronounced	   bone	  
formation	  was	  found	  19–22.	  When	  implants	  are	  installed	  in	  the	  grafted	  bone,	  a	  greater	  BIC	  (	  30–36%	  )	  
was	   found	   after	   26	   weeks	   with	   autogenous	   bone	   from	   the	   iliac	   crest,	   when	   compared	   with	   the	  
nongraft	  control	  group	  (	  20–25%	  )	  20,21,	  and	  12	  weeks	  after	  the	  augmentation,	  an	  increase	  of	  47%	  of	  
new	  bone	  was	  described	  23.	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DFDB	  	  
The	   use	   of	   DFDB	   as	   a	   sinus	   grafting	   material	   was	   found	   in	   5	   out	   of	   20	   articles	   (	   Table	   4	   ).	   The	  	  
augmented	  bone	  height	  was	  significantly	  higher	  when	  DFDB	  was	  used	  in	  comparison	  with	  the	  empty	  
control	   group,	   where	   only	   a	   blood	   clot	   was	   available	   24.	   Thick,	   newly	   formed	   trabeculae	   were	  
observed	   adjacent	   to	   the	   cortical	   bone	  wall	   of	   the	   space.	   In	   the	   center	   of	   the	   space,	   the	  particles	  
were	  surrounded	  by	  fibrous	  connective	  tissue.	  Furthermore,	  the	  bone	  area	  was	  significantly	  higher	  in	  
the	  small-­‐particle	  DFDB	  group	  (	  29%	  )	  than	  in	  the	  large-­‐particle	  DFDB	  group	  (	  20%	  )	  25.	  Histologically,	  
particles	  of	  both	  sizes	  induced	  osteoconduction	  after	  1	  week	  from	  implantation.	  In	  the	  small-­‐particle	  
group,	  newly	  formed	  bone	  showed	  many	  interconnections	  and	  appeared	  in	  most	  areas	  of	  the	  sinus	  
cavity	   after	   8	   weeks	   from	   implantation.	   In	   the	   large-­‐particle	   group,	   newly	   formed	   bone	   showed	  
limited	  interconnections,	  and	  the	  center	  of	  the	  sinus	  cavity	  contained	  fibrous	  connective	  tissue	  with	  
no	   evidence	   of	   ossification	   at	   8	   weeks	   after	   implantation.	   The	   histological	   appearance	   of	  
augmentations	   with	   DFDB	  mimicked	   that	   of	   a	   chronic	   inflammatory	   process	   at	   the	  margin	   of	   the	  
adjacent	   bone	   26.	   This	   inflammatory	   process,	   however,	   does	   not	   affect	   biomechanical	   implant	  
stability,	  which	   is	  comparable	   to	   the	  stability	  achieved	   in	  autogenous	  cancellous	   iliac	  crest	  bone	  27.	  
The	   latter	   conclusion	  was	   based	   on	   pull-­‐out	   force	   tests	   carried	   out	   at	   intervals	   of	   12,	   16,	   and	   26	  
weeks	   of	   implant	   integration.	   The	   mean	   pull-­‐out	   forces	   did	   not	   reveal	   any	   significant	   difference	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Time	  proved	   to	   have	   a	   significant	   influence	  on	   the	   pull-­‐out	   forces	   (	   p	   =	   .0014	   )	  with	   a	   statistically	  
proven	   linear	   trend.	   The	   sDFDB	   and	   hDFDB	   groups	   demonstrated	   a	   decrease	   in	   the	   mechanical	  
loading	  capacity	  at	  16	  weeks,	  after	  which	  there	  was	  a	  distinct	  increase	  in	  the	  values	  of	  sDFDB,	  while	  
the	  values	  of	  hDFDB	  remained	   largely	  constant.	  The	  test	  group	  augmented	  with	  hDFDB	  showed	  an	  
increase	  in	  pull-­‐out	  force	  by	  3.6	  N	  per	  week,	  similar	  to	  the	  weekly	  increase	  of	  5.9	  N	  observed	  in	  the	  
nongrafted	  control	  group.	  The	   sDFDB	  group	  showed	  a	  weekly	   increase	  of	  5.0N.	  The	  mean	  BIC	  was	  
16.4%	  for	  sDFDB	  and	  16.9%	  for	  hDFDB.	  In	  the	  DFDB	  group,	  the	  mean	  BIC	  was	  lower	  at	  16	  weeks	  than	  
at	  12	  weeks	  but	  increased	  again	  by	  26	  weeks	  26.	  However,	  this	  result	  is	  contrary	  to	  a	  study	  on	  beagle	  




Bovine	  Bone	  Mineral.	  The	  use	  of	  BBM	  in	  sinus	  augmentation	  procedures	  was	  investigated	  in	  10	  out	  of	  
20	   articles	   (	   Table	   5	   ).	   One	   study	   proposed	   the	   use	   of	   pure	   BBM	   as	   a	   grafting	   material	   29	   and	  
presented	   histological	   evidence	   that	   BBM	   is	   replaced	   by	   vital	   bone	   and	   radiographic	   evidence	   of	  
increased	   density	   and	   graft	   stability	   up	   to	   1.5	   years	   in	   the	   absence	   of	   dental	   implants.	   Dental	  
implants	   installed	   in	   BBM-­‐grafted	   sinuses	   reported	   a	   BIC	   of	   63%	   18,	   27%	   28,	   and	   38%	   30	   after	   an	  
observation	  period	  of	  6	  months.	  In	  the	  BBM-­‐only	  group,	  23%	  newly	  formed	  bone	  was	  recorded	  at	  12	  
weeks	   17.	   Thus,	   BBM	   is	   very	   slowly	   resorbed	   and	   seems	   to	   behave	   as	   a	   semi-­‐permanent	   grafting	  
material	  18.	  A	  volume	  reduction	  of	  16%	  in	  the	  BBM	  group	  at	  180	  days	  in	  beagles	  was	  reported.	  	  
The	  histological	  picture	  of	  elevations	  with	  BBM	  corresponds	  to	  an	  ongoing	  chronic	   inflammation	   in	  
the	   marginal	   bone	   zone	   20.	   Wallpaper-­‐like	   sheating	   of	   BBM	   was	   observed	   in	   areas	   in	   which	   the	  
material	   was	   in	   direct	   contact	   with	   original	   bone.	   None	   of	   the	   specimens	   showed	   new	   bone	  
formation	  around	  the	  BBM	  material	  further	  away	  from	  this	  contact	  area.	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The	   histomorphometric	   evaluation	   revealed	   that	   in	   all	   groups	   the	   average	   percentage	   of	   newly	  
formed	   bone	   was	   found	   to	   be	   maximal	   at	   the	   7.5-­‐month	   time	   point	   (	   34%	   )	   31.	   When	   BBM	   was	  
enriched	  with	   BMP-­‐7,	   a	   statistically	   significant	   better	   result	   after	   7.5	  months	  was	   seen,	   compared	  
with	  the	  BBM	  alone	  (	  Table	  5	  )	  One	  study	  compared	  dental	  implants	  installed	  in	  BBM	  or	  hDFDB	  as	  the	  
graft	  material	  28.	  The	  implants	  surrounded	  by	  freeze-­‐dried	  bone	  xenografts	  yielded	  no	  formation	  of	  
new	  bone	  whereas	  the	  sites	  with	  BBM	  demonstrated	  newly	  formed	  bone	  in	  direct	  contact	  with	  the	  
implant	   surface.	   After	   5	  months’	   follow-­‐up,	   the	  mean	   BIC	   (	   25%	   )	   in	   the	   groups	   augmented	   with	  
resorbable	   HA	   was	   comparable	   with	   the	   mean	   BIC	   (	   27%	   )	   in	   the	   group	   augmented	   with	   BBM	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
(	   Bio-­‐Oss®,	   Geistlich	   Pharma	   AG,	   Wolhusen,	   Switzerland	   )	   28.	   Pull-­‐out	   strengths	   were	   also	  	  
investigated	  21.	  The	  implants	  of	  the	  group	  augmented	  with	  BBM	  showed	  the	  highest	  pull-­‐out	  forces	  
of	  all	  three	  groups	  at	  12	  weeks	  (	  BBM:	  325N;	  autogenous	  bone:	  238N;	  empty	  group:	  248N	  ).	  After	  26	  
weeks,	  the	  pull-­‐out	  force	  was	  522	  N	  in	  the	  BBM	  group,	  524N	  in	  the	  cancellous	  bone	  group,	  and	  270N	  
in	  the	  empty	  group.	  	  
Porous	  Hydroxyapatite.	  The	  use	  of	  pHA	  as	  a	  grafting	  material	  in	  maxillary	  sinuses	  was	  discussed	  in	  4	  
out	  of	  the	  20	  selected	  articles	  discussed	  (	  Table	  6	  ).	  The	  use	  of	  autogenous	  bone	  combined	  with	  HA	  
or	  the	  use	  of	  pHA	  only	  was	  described	  19,32.	  All	  authors	  used	  the	  same	  experimental	  outline,	  and	  their	  
conclusions,	  histologically	  as	  well	  as	  histomorphometrically,	  were	  similar.	  Histologically,	  the	  grafted	  
sinuses	   exhibited	   a	   significant	   amount	   of	   new	   bone	   formation.	   The	   pHA	   granules	   appeared	  
integrated	  with	  the	  newly	  formed	  bone.	  Histomorphometric	  analysis	  revealed	  that	  delayed	  implant	  
placement	   resulted	   in	   a	   greater	   amount	   of	   direct	   mineralized	   bone-­‐to-­‐implant	   contact	   in	   the	  
augmented	   area	   than	   the	   simultaneous	   implant	   placement.	   The	   percentage	   of	   direct	   mineralized	  
bone-­‐to-­‐implant	  contact	  was,	  however,	  more	  significant	  in	  the	  residual	  bone	  than	  in	  the	  augmented	  
area.	  The	  authors	  concluded	  that	   loading	  of	  the	   implant	  had	  a	  positive	  effect	  on	  the	  percentage	  of	  
direct	  mineralized	  bone-­‐to-­‐implant	  contact	  in	  the	  augmented	  area	  and	  therefore	  HA-­‐coated	  implants	  
may	  be	  beneficial	  when	  used	  in	  conjunction	  with	  sinus	  augmentation	  procedures	  33.	  	  
No	  significant	  difference	  between	  pHA	  and	  autogenous	  bone	  in	  terms	  of	  BIC	  was	  found	  34,	  but	  both	  
materials	  showed	  a	  significantly	  greater	  BIC	  than	  the	  control	  group,	  in	  which	  a	  sinus	  lift	  was	  executed	  
without	  the	  use	  of	  autogenous	  bone	  or	  any	  biomaterial.	  
Addition	  of	  Growth	  Factors	  
In	  four	  articles,	  the	  effect	  of	  growth	  factors	  was	  tested	  17,22,30,31	  (	  Table	  7	  ).	  The	  addition	  of	  BMP-­‐7	  to	  
BBM	  resulted	  in	  a	  statistically	  significantly	  better	  result	  than	  the	  augmentation	  with	  the	  combination	  
of	  PRP	  and	  BBM	  (	  BIC	  46%	  vs	  6%	  )	  22.	  In	  sinus	  augmentations,	  BMP-­‐7,	  in	  addition	  to	  BBM	  as	  a	  growth	  
factor,	  produced	  a	   significantly	   superior	  outcome,	  compared	  with	  BBM	  alone	   30,31.	  The	  outcome	  of	  
PRP	  combined	  with	  BBM	  was	   the	  same	  as	   that	  of	  BBM	  alone	  35.	  At	  3	  and	  6	  weeks,	   lower	  bone-­‐to-­‐
implant	  contacts	  were	   reported	  on	   the	  PRP	  side	   (	  16%	   )	   than	  on	   the	  control	   side	   (	  22%	   ).	  After	  12	  
weeks,	  the	  mean	  proportion	  of	  new	  bone	  at	  the	  PRP	  side	  (	  34%	  )	  was	  comparable	  to	  the	  control	  side	  
(	   35%	   ).	   Combining	   PRP	   with	   autogenous	   bone	   to	   autogenous	   bone	   alone	   did	   not	   show	   any	  
statistically	  significant	  difference	  between	  both	  groups	  after	  12	  weeks	   (	  51%	  vs	  47%	  )	   23.	   Jakse	  and	  
colleagues	   36	   performed	   sinus	   lift	   procedures	   in	   12	   sheep	   and	   concluded	   that	   in	   all	   histological	  
sections,	   both	   the	   PRP	   and	   the	   control	   groups	   showed	   similar	   architecture.	   The	   increase	   in	   newly	  
formed	  bone	  was	  from	  26%	  to	  47%	  on	  the	  control	  side	  and	  from	  29%	  to	  51%	  on	  the	  PRP	  side.	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Butterfield	  and	  colleagues	  37	  and	  Gregada	  and	  colleagues	  38	  also	  failed	  to	  find	  any	  beneficial	  effect	  of	  
PRP	  on	  bone	  regeneration.	  Klongnoi	  et	  al.	  39,40	  concluded	  that	  application	  of	  PRP	  could	  not	  reveal	  a	  
significant	   beneficial	   effect	   on	   the	   BIC.	   Addition	   of	   PRP	   to	   BBM	  did	   not	   improve	   osseointegration,	  
whereas	   BMP-­‐7	   in	   combination	   with	   an	   appropriate	   matrix	   was	   effective	   in	   accelerating	  
osseointegration	  22.	  The	  addition	  of	  BMP-­‐7	   is	  dose-­‐dependent,	  with	  2.5mg/g	  collagen	  matrix	  as	  the	  
most	  optimal	  concentration	  for	  inducing	  radiographic	  and	  histological	  evidence	  of	  bone	  formation	  31.	  	  
The	  supplementation	  of	  culture-­‐expanded	  ABC	  added	  to	  BBM	  increased	  the	  amount	  of	  newly	  formed	  
bone	  compared	  with	  BBM	  alone	  17.	  Thus,	  preliminary	  findings	  indicate	  that	  ABC	  can	  stimulate	  bone	  
formation	  in	  areas	  with	  low	  bone-­‐forming	  capacity.	  Nevertheless,	  a	  recent	  pilot	  study	  in	  rabbit	  skull	  
bone	   concluded	   that	   adding	   PRP	   to	   BBM	   is	   potentially	   beneficial	   41.	   The	   effect	   of	   PRP	   in	   a	   clinical	  
study	  of	  88	  bone	  graft	  reconstructions	  in	  mandibular	  defects	  was	  demonstrated	  by	  both	  radiographic	  
and	   histomorphometric	   data,	   which	   revealed	  more	   early	   bone	   formation	   and	   a	   higher	   trabecular	  




The	  goal	  of	  sinus	  augmentation	  procedures	  is	  to	  create	  bone	  quantity	  and	  quality	  in	  order	  to	  ensure	  
the	   placement	   of	   dental	   implants	   of	   sufficient	   length	   and	   satisfying	   initial	   stability.	   This	   can	   be	  
achieved	   in	   three	   ways:	   (	   1	   )	   osteogenesis	   by	   inserting	   osteoblasts	   and	   osteoprogenitor	   cells;	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
(	   2	   )	   osteoinduction	  based	  on	   the	   stimulation	  of	   bone	   to	  produce	  bone	   and	  mesenchymal	   cells	   to	  
differentiate	  into	  bone	  forming	  cells;	  and	  (	  3	  )	  osteoconduction	  to	  induce	  bone	  formation	  around	  the	  
grafting	  material,	  which	  functions	  as	  a	  scaffold.	  The	  addition	  of	  PRP	  to	  BBM	  and	  autogenous	  bone	  did	  
not	   significantly	  enhance	  osseointegration	   17,23.	   It	  was	  not	  possible	   to	   compare	  BMP-­‐7	  +	  BBM	  with	  
ABC	  +	  BBM,	  because	  of	  the	  differences	  in	  the	  selected	  follow-­‐up	  time	  points.	  It	   is	  clear	  that	  further	  
studies	  are	  needed	  to	  evaluate	  the	  effects	  of	  PRP	  on	  different	  grafting	  materials	  in	  sinus	  lift	  
procedures.	  Regarding	  product	  safety	  conditions,	   from	  a	  histological	  point	  of	  view,	  the	  results	  with	  
autogenous	   bone	  were	  most	   convincing	   because	   chronic	   inflammatory	   reaction	   and	  macrophages	  
were	  absent.	  When	  dental	  implants	  were	  placed,	  implant	  portions	  were	  not	  surrounded	  by	  bone	  but	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were	  colonized	  by	  macrophages.	  Augmentations	  with	  DFDB	  resulted	  in	  the	  worst	  histological	  picture.	  
Extensive	   fragmentation	   and	   disintegration	   were	   seen	   side	   by	   side	   with	   sporadic	   areas	   of	  
remineralization.	   However,	   most	   of	   the	   hDFDB/sDFDB	   particles	   continued	   to	   be	   embedded	   in	  
abundant	  collagenous	  connective	  tissue	  and	  were	  surrounded	  by	  mononucleated	  and	  multinucleated	  
giant	   cells,	   ultimately	   causing	   extensive	   resorption	   26	   .	   The	   presence	   of	   positive	   tartrate-­‐resistant	  
acidic	  phosphatase	   stained	  osteoclasts	   around	   the	  deproteinized	  bone	  particles	   suggest	   that	  DFDB	  
may	  be	  slowly	  resorbed	  24	  ,which	  is	  consistent	  with	  other	  findings	  28.	  Both	  BBM	  and	  pHA	  resulted	  in	  
the	  same	  chronic	  inflammatory	  reaction,	  reducing	  macrophages	  on	  the	  particle	  surface	  and	  
increasing	   apposition	   of	   bone	   26.	  When	   volume	   reduction	   of	   the	   graft	   was	   used	   as	   an	   evaluation	  
parameter,	  an	  advanced	  resorption	  of	  autogenous	  bone	  graft	   (	  40%	  )	  by	  osteoclasts	   in	  beagle	  dogs	  
was	  reported	  18,23	   .	  The	  mean	  proportion	  of	  new	  bone	  found	  for	  the	  small	  DFDB	  particle	  group	  was	  
significantly	   higher	   than	   that	   for	   the	   large	  DFDB	   particle	   group.	  With	   a	   bone	   volume	   reduction	   of	  
16.5%	  after	   180	  days,	   the	   results	   for	   BBM	  were	  much	  more	   favorable.	  Note	   that	   the	   experiments	  
carried	  out	  in	  beagle	  dogs	  are	  not	  comparable	  to	  human	  surgery,	  because	  the	  nasal	  sinuses	  of	  dogs	  
differ	   significantly	   from	   human	   sinuses.	   Dog	   sinuses	   have	   no	   pneumatization	   and	   no	   Schneiderian	  
membrane	  20.	  Overall,	   resorption	  was	  no	   longer	  detected	   for	   the	  BBM	  and	  pHA	  groups,	  as	  soon	  as	  
the	  particles	  had	  been	  incorporated	  into	  the	  bone.	  No	  proof	  was	  found	  whether	  the	  initial	  resorption	  
occurred	   through	  sterile	   inflammation	  or	   through	  enhanced	  osteoclast	  activity.	  Note	   that	  different	  
diameters	   of	   BBM	   particles	   are	   also	   available,	   but	   this	   parameter	   has	   not	   been	   included	   in	  many	  	  
BBM	  reports.	  From	  a	  histomorphometric	  point	  of	  view	  with	  the	  BIC	  as	  parameter,	  the	  combination	  of	  
BBM	  +	  BMP-­‐7	  showed	  the	  best	  results	  after	  6	  months.	  Without	  the	  addition	  of	  growth	  factors,	  BBM	  
alone	   resulted	   in	  a	  17%	   less	  BIC	  after	  6	  months	   18.	  Porous	  HA	  also	  scored	  well;	  however,	   the	  wide	  
variation	   in	   results	   may	   lead	   to	   a	   more	   careful	   use	   in	   sinus	   lift	   procedures.	   Delayed	   implant	  
placement	  resulted	  in	  a	  greater	  BIC	  compared	  with	  simultaneous	  implant	  placement	  19,32,43.	  Whereas	  
on	   the	   loaded	   side	   implants,	   placed	   simultaneously	   with	   sinus	   lifting,	   exhibited	   a	   greater	   BIC	  
compared	   with	   the	   implants	   placed	   on	   the	   delayed	   side	   33.	   Note	   that	   in	   all	   of	   the	   four	   studies	  
conducted,	   each	   time,	   no	   more	   than	   four	   animals	   were	   used.	   Consistent	   with	   the	   histological	  
evaluation	  of	  DFDB	  histomorphometrically,	  the	  BIC	  after	  26	  weeks	  was	  less	  promising	  than	  the	  BIC	  of	  
all	  other	  grafting	  materials	  28,21.	  Nevertheless,	  a	  significantly	  better	  result	  with	  DFDB	  compared	  with	  
blood	  was	   found	   25.	  No	   study	  mentioned	   a	   higher	   BIC,	   for	   BBM	   compared	  with	   autogenous	   bone.	  
After	  26	  weeks,	  a	  comparable	  BIC	   for	  both	  groups	  was	   found	   20.	  Even	  a	   significantly	  higher	  BIC	   for	  
BBM	  was	  measured	   18.	   Biomechanically,	   16	  weeks	   after	   augmentation	   surgery,	   sDFDB	   yielded	   the	  
highest	  pull-­‐out	  forces,	  exceeding	  those	  for	  hDFDB,	  BBM,	  and	  autogenous	  bone.	  After	  26	  weeks,	  the	  
best	   results	   were	   obtained	   in	   the	   autogenous	   bone	   group.When	   only	   the	   initial	   values	   –	   after	   12	  
weeks	   –	   and	   the	   final	   values	   –	   after	   26	   weeks	   –	   are	   considered,	   the	   test	   group	   augmented	   with	  
hDFDB	  showed	  an	  increase	  in	  pull-­‐out	  force	  by	  3.6	  N	  per	  week,	  similar	  to	  1.5N	  per	  week	  in	  the	  empty	  
control	  group	  27.	  The	  group	  augmented	  with	  autogenous	  bone	  showed	  a	  weekly	  increase	  in	  pull-­‐out	  
force	  by	  1.2N.	  This	  result	   is	  comparable	  to	  that	  observed	   in	  BBM	  after	  sinus	   lift	  procedure	   	  21.	  Still,	  
these	  values	  did	  not	  reach	  a	  plateau	  after	  an	  observation	  period	  of	  26	  weeks.	  It	  is	  possible	  that	  the	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CONCLUSION	  
The	  overall	   study	  quality	  was	   deemed	  poor.	   There	  was	   a	   great	   variation	   in	   the	  number	  of	   sinuses	  
treated	   and	   sometimes	   this	   number	  was	   too	   low	   to	   allow	   proper	   statistical	   analysis.	   None	   of	   the	  
studies	   were	   followed	   by	   clinical	   investigations	   or	   other	   studies.	   The	   studies	   followed	   different	  
protocols	  with	  few	  variations	  in	  implant	  types,	  follow-­‐up	  periods,	  and	  the	  number	  of	  sinuses	  treated.	  
This,	   in	   addition	   to	   scarce	   information	   on	   the	   use	   of	   the	   implant	   type,	   implant	   surface,	   and	  
integration	  period,	  makes	  statistical	  analysis	  impossible.	  The	  terminology	  was	  not	  always	  very	  clear,	  
especially	  regarding	  the	   loading	  period	  of	  the	   implants	   installed.	   It	  was	  unclear	  whether	  functional,	  
nonfunctional	   loading,	  or	  delayed	   loading	  was	  tested.	   It	  can	  be	  concluded	  that	  autogenous	  bone	   is	  
still	  the	  gold	  standard,	  despite	  a	  40%	  resorption	  of	  the	  graft.	  For	  “immediate”	  loading	  of	  implants	  in	  
sinus	  augmented	  areas,	  the	  addition	  of	  BBM	  to	  autogenous	  bone	  was	  most	  suitable	  because	  of	  the	  
slow	   resorption	   capacity	   and	   the	   high	   initial	   pull-­‐out	   forces	   reported	   12	   weeks	   after	   implant	  
placement.	  Furthermore,	  BBM	  is	  a	  material	  that	  functions	  as	  a	  space	  maintainer	  and	  stays	  detectable	  
throughout	  the	  years.	  Porous	  hydroxyapatite	  was	  found	  to	  be	  a	  suitable	  material	  when	  mixed	  with	  
autogenous	  bone.	  In	  European	  Union	  countries,	  the	  commercially	  available	  DFDB	  is	  not	  granted	  a	  CE	  
mark	   and	   thus	   distribution	   of	   the	   material	   within	   the	   community	   is	   prohibited.	   Although	  
homogenous	  DFDB	  provides	  better	   results	   than	  heterogenous	  DFDB,	  histological	   evaluation	  of	   this	  
material	  has	  shown	  it	  to	  be	  inferior	  to	  other	  materials.	  Currently,	  there	  is	  a	  lack	  of	  objective	  scientific	  
data	  regarding	  the	  beneficial	  effects	  of	  PRP	  in	  sinus	  augmentation	  procedures.	  Drawbacks	  of	  studies	  
include	   inappropriate	   study	  designs,	   absence	  of	  documentation	  concerning	  platelet	   yields,	   and	   the	  
questionable	   clinical	   application	   of	   animal	   models.	   Many	   reports	   have	   examined	   the	  
osseointegration	  of	  implants	  placed	  in	  the	  augmented	  area	  by	  various	  techniques	  and	  found	  it	  to	  be	  
a	   poor	   parameter	   for	   comparing	   different	   biomaterials,	   because	   integration	   was	   always	   present,	  
regardless	  of	  the	  materials	  used.	  One	  should	  also	  keep	  in	  mind	  that	  implant	  success	  as	  presented	  in	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Factors	  associated	  with	  failure	  of	  surface-­‐modified	  implants	  
up	  to	  4	  years	  of	  function	  
	  





Objectives:	  The	  relative	  impact	  of	   innovative	  treatment	  concepts	  on	  the	  failure	  of	  surface-­‐modified	  
implants	  is	  not	  well	  understood.	  This	  retrospective	  study	  aimed	  to	  explore	  this	  using	  data	  obtained	  in	  
a	  university	  postgraduate	  training	  center.	  
	  
Material	   and	   Methods:	   Patients	   treated	   with	   implants	   for	   a	   variety	   of	   indications	   over	   a	   3-­‐year	  
period	   were	   included.	   All	   implants	   had	   been	   at	   least	   1	   year	   in	   function.	   Clinical	   records	   were	  
evaluated	  for	  implant	  failure	  and	  in	  reference	  to	  implant	  length/diameter/location,	  time	  from	  tooth	  
loss	   to	   implant	   placement,	   bone	   condition	   (	   native/grafted	   ),	   surgical	   protocol	   (	   two-­‐/one-­‐stage	   ),	  
loading	   protocol	   (	   delayed/early/immediate	   ),	   type	   of	   prosthesis	   (	   removable/fixed	   ),	   surgeon’s	  	  
experience	   level	   (	  resident/trainee	  )	  and	  specialty	  (	  periodontist/oral	  surgeon	  ).	  The	   impact	  of	  each	  
covariate	   on	   failure	  was	   tested	   using	   the	   Fisher’s	   exact	   test.	   Kaplan-­‐Meier	   survival	   functions	  were	  
constructed	  and	  Mantel-­‐Cox	  log–rank	  tests	  were	  used	  to	  compare	  survival	  functions.	  To	  correct	  for	  
possible	  interaction,	  Cox	  proportional	  Hazards	  regression	  was	  adopted.	  
	  
Results:	  Forty-­‐one	  of	  1,180	  (	  3.5%	  )	  implants	  were	  lost	  in	  34/461	  (	  7.4%	  )	  patients	  (	  245	  women,	  216	  
men;	   mean	   age	   51,	   range	   18–90	   ).	   Factors	   showing	   significant	   impact	   on	   failure	   on	   the	   basis	   of	  
univariate	  analyses	  were	  implant	  location	  (	  p	  =	  .015	  ),	  surgical	  protocol	  (	  p	  =	  .002	  ),	  loading	  protocol	  	  	  	  
(	  p	  =	   .002	   ),	   surgeon’s	  experience	   level	   (	  p	  =	   .035	   )	  and	  specialty	   (	  p	  =	   .001	   ).	  When	  controlling	   for	  
other	  covariates,	  only	  the	  loading	  protocol	  had	  a	  significant	  influence	  (	  p	  =	  .049	  )	  with	  early	  loading	  
more	   prone	   to	   failure	   (	   p	   =	   .014	   )	   when	   compared	   with	   delayed	   loading.	   Immediate	   loading	   and	  
delayed	  loading	  showed	  comparable	  implant	  survival	  (	  p	  =	  .311	  ).	  
	  
Conclusions:	   Implant	   therapy	   may	   be	   highly	   successful	   in	   a	   training	   center	   where	   inexperienced	  
clinicians	   are	   strictly	   monitored	   and	   personally	   guided.	   Implant	   specific	   variables	   do	   not	   affect	  
implant	  survival	  but	  early	  loading	  is	  a	  risk	  indicator	  for	  implant	  failure,	  whereas	  immediate	  loading	  is	  
not.	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Originally,	  dental	  implants	  were	  predominantly	  used	  to	  restore	  function	  in	  fully	  edentulous	  patients.	  
The	  traditional	  Brånemark	  protocol	  including	  submerged	  healing	  and	  delayed	  loading	  proved	  to	  be	  a	  
reliable	  concept	  for	  these	  patients	  with	  a	  limited	  failure	  rate	  and	  stable	  conditions	  in	  the	  long	  term	  
especially	   in	   the	   mandible	   1.	   During	   the	   last	   decades,	   however,	   implant	   dentistry	   has	   evolved	   to	  
seemingly	  unlimited	  indications	  to	  restore	  function	  and	  esthetics	  in	  the	  shortest	  possible	  time	  span.	  
Non-­‐submerged	   healing	   of	   two-­‐piece	   implants,	   early	   or	   immediate	   implant	   placement	   after	   tooth	  
loss,	  early	  or	  immediate	  loading	  and	  implant	  surface	  modifications	  could	  be	  considered	  as	  the	  most	  
prominent	   innovations	   to	  meet	   these	   demands.	   Following	   careful	   case	   selection,	   all	   of	   them	  have	  
been	  found	  to	  result	  in	  a	  favorable	  clinical	  outcome	  2–5.	  However,	  these	  modifications	  may	  
possibly	  increase	  the	  incidence	  of	  implant	  failure	  as	  more	  occlusal	  forces	  are	  allowed	  during	  the	  early	  
stages	  of	  healing	  possibly	  hampering	  the	  osseointegration	  process.	  Furthermore,	  implant	  placement	  
in	   non-­‐healed	   sites	   or	   fresh	   extraction	   sockets	   is	   technique-­‐sensitive	   because	   primary	   implant	  
stability	  is	  critical,	  and	  simultaneous	  bone	  regeneration	  may	  be	  required.	  Finally,	  the	  use	  of	  surface-­‐
modified	  implants,	  those	  with	  microtextured	  collars	  in	  particular,	  could	  increase	  the	  risk	  for	  
peri-­‐implantitis	  3,6,7,	  which	  is	  one	  of	  the	  main	  reasons	  for	  late	  implant	  failure.	  
Hitherto,	   it	   is	   unclear	   to	  what	   extent	   innovative	   treatment	   concepts	   influence	   implant	   failure.	   The	  
objective	  of	  this	  retrospective	  study	  was	  to	  evaluate	  1–4-­‐year	   implant	  survival	  on	  the	  basis	  of	  data	  
from	   a	   postgraduate	   training	   center	   using	   different	   surgical	   techniques	   and	   loading	   protocols	   in	   a	  
variety	  of	  indications	  by	  clinicians	  with	  different	  experience	  levels.	  
	  
	  
MATERIALS	  AND	  METHODS	  
	  
Study	  Sample	  	  
	  
In	   this	   cross-­‐sectional	   study,	   all	   dental	   implants	   that	   were	   included	   had	   been	   placed	   between	  
September	  2004	  and	  August	  2007	  at	  the	  University	  Hospital	  in	  Ghent.	  Data	  on	  all	  implants	  placed	  by	  
resident	   specialists	   in	   periodontology	   and	   maxillofacial	   surgery	   as	   specialists	   in	   training	   in	   both	  
aforementioned	  disciplines	  were	  included.	  Patients	  were	  either	  referred	  by	  general	  dentists,	  
by	  other	  departments	  of	  the	  dental	  school,	  or	  by	  the	  hospital.	  They	  comprised	  straightforward	  and	  
complex	  cases	  in	  healthy	  or	  medically	  compromised	  patients.	  There	  were	  no	  restrictions	  in	  terms	  of	  
patient	  selection,	  extent	  of	  surgical,	  and/or	  prosthetic	  treatment.	  
	  
Proper	   radiologic	   and	   presurgical	   planning	   was	   performed	   for	   all	   patients.	   Endodontic	   and/or	  
periodontal	   pathology	   were	   treated	   beforehand.	   The	   diagnostic,	   surgical,	   postoperative	   and	  
restorative	  protocol	  was	   left	   to	   the	  discretion	  of	   the	   surgeon	  and	   restorative	  dentist	   following	   the	  
guidelines	  provided	  by	  the	  implants’	  manufacturers.	  
	  
Dependent	  Variable	  and	  Covariates	  
	  
All	   hospital	   files	   were	   evaluated	   by	   two	   clinicians	   (	   VE,	   BH	   ).	   Implant	   failure	   was	   considered	   the	  	  
dependent	  variable	  in	  the	  analyses.	  The	  following	  factors	  were	  included	  as	  covariates	  or	  predictors,	  
and	   information	   on	   these	   parameters	   was	   also	   collected	   from	   the	   files:	   implant	   length,	   implant	  
diameter,	  implant	  location,	  time	  from	  tooth	  loss	  to	  implant	  placement,	  bone	  condition,	  surgical	  
protocol,	  loading	  protocol,	  suprastructure,	  surgeon’s	  experience	  level,	  surgeon’s	  specialty.	  The	  study	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Statistical	  Analysis	  
	  
Contingency	   tables	   were	   constructed	   cross-­‐classifying	   each	   predictor	   and	   the	   dependent	   variable.	  
The	  impact	  of	  each	  predictor	  on	  implant	  failure	  was	  evaluated	  by	  means	  of	  the	  Fisher’s	  exact	  test.	  All	  
continuous	  covariates	  were	  categorized	  for	  this	  purpose.	  Kaplan–Meier	  survival	  functions	  were	  also	  
constructed	  for	  each	  predictor.	  Mantel–Cox	  log	  rank	  tests	  were	  used	  to	  compare	  survival	  functions.	  
Because	   interaction	   between	  multiple	   predictors	  was	   conceivable,	  we	   considered	   these	   univariate	  
analytic	  methods	  as	  exploratory.	  Multivariate	  analysis	  was	  performed	  to	  correct	  for	  clustering.	  Cox	  
proportional	  Hazards	  regression	  was	  adopted	  for	  this	  purpose.	  A	  model	  was	  fitted	  including	  as	  much	  
covariates	  as	  possible.	  The	  validity	  of	  this	  model	  was	  evaluated	  using	  logistic	  regression	  analysis.	  The	  





Overall	  Clinical	  Outcome	  
	  
Four	  hundred	  sixty-­‐one	  patients	  (245	  women,	  216	  men;	  mean	  age	  51,	  range	  18–90)	  were	  treated	  in	  
the	   3-­‐year	   interval	   with	   1180	   surface-­‐modified	   implants.	   The	   sample	   consisted	   of	   a	  mixture	   of	   at	  
least	   23	   implant	   types	   and	   7	   surfaces	   from	   the	   following	  manufacturers:	   442	   from	  Nobel	   Biocare	  
(Zürich,	  Switzerland),	  266	  from	  Straumann	  (Basel,	  Switzerland),	  183	  from	  Dentsply	  Friadent	  
(Mannheim,	   Germany),	   174	   from	   Astra	   Tech	   (Mölndal,	   Sweden),	   and	   125	   from	   Biomet	   3i	   (Palm	  






Figure	  5.1	  Pie	  diagram	  showing	  the	  proportion	  of	  the	  different	  implant	  types	  (n	  =	  24)	  placed	  in	  the	  study	  group.	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All	  indications	  were	  included	  in	  the	  survival	  analyses:	  14%	  were	  single-­‐tooth	  implants,	  70%	  of	  the	  
implants	  supported	  a	  fixed	  partial	  denture	  or	  full-­‐arch	  bridge	  and	  16%	  retained	  a	  removable	  partial	  
or	  complete	  denture.	  The	  average	  time	  between	  implant	  placement	  and	  moment	  of	  evaluation	  was	  
30	  months	  (	  range	  12–48	  ).	  Forty-­‐one	  of	  the	  1,180	  implants	  were	  lost,	  corresponding	  to	  a	  3.5%	  failure	  
rate.	   Twenty-­‐two	   of	   the	   639	   implants	   (	   3.4%	   )	   were	   lost	   in	   19	   female	   patients	   (	   mean	   age	   54,	  	  	  	  	  	  	  	  
range	  24–76	  ).	  Nineteen	  of	   the	  541	   implants	   (	  3.5%	  )	  were	   lost	   in	  15	  male	  patients	   (	  mean	  age	  53,	  
range	  33–81	  ).	  Twenty-­‐seven	  patients	  lost	  one	  implant	  and	  seven	  lost	  two	  implants.	  Thirty-­‐one	  were	  
lost	  during	  the	  first	  year	  of	  function	  among	  which	  16	  within	  3	  months	  following	  implant	  installation.	  
None	   of	   these	   failures	   occurred	   in	   diabetic	   patients,	   even	   though	   diabetics	   had	   occasionally	   been	  
treated	  by	  means	  of	  dental	   implants.	   Thirty-­‐four	  of	  461	   (	   7.4%	   )	  patients	  had	  at	   least	  one	   implant	  
failure.	  
	  
Implant	  Dimensions	  and	  Locations	  
	  
Implant	  length	  and	  diameter	  were	  cross-­‐classified	  and	  shown	  in	  Table	  1.	  Implants	  were	  grouped	  for	  
length	   (	   short	   <10	  mm,	   standard	   10–13	  mm	   and	   long	   >13	  mm	   )	   and	   diameter	   (	   small	   <3.75	  mm,	  
standard	   3.75–4.5	   mm	   and	   wide	   >4.5	   mm	   ).	   Neither	   implant	   length	   (	   p-­‐values:	   Fisher:	   .458;	  	  	  	  	  	  	  	  	  	  	  	  
log–rank:	   .463	   )	   nor	   implant	   diameter	   (	   p-­‐values:	   Fisher:	   .253;	   log–rank:	   .257	   )	   had	   a	   significant	  
impact	  on	  implant	  failure	  (	  Table	  2	  ).	  Multivariate	  analysis	  also	  failed	  to	  show	  a	  significant	  influence	  
of	  these	  parameters	  (	  p	  =	  .247,	  respectively,	  p	  =	  .932	  )	  (	  Table	  8	  ).	  	  
	  
Implants	  were	   allocated	   according	   to	   jaw	  and	   location,	  whereby	   anterior	  was	   defined	   as	   locations	  
from	  canine	  to	  canine	  and	  posterior	  included	  the	  premolars	  and	  molars.	  Univariate	  analyses	  showed	  
a	  significant	  influence	  of	  the	  implant	  location	  on	  implant	  failure	  (	  p-­‐values:	  Fisher	  and	  log–rank:	  .015	  )	  
(	   Table	   3	   )	   mainly	   because	   of	   increased	   failure	   rate	   in	   the	   posterior	  mandible	   (	   6.6%	   ).	   However,	  
multivariate	  analysis	  failed	  to	  show	  a	  significant	  impact	  of	  the	  implant	  location	  (	  p	  =	  .487	  )	  (	  Table	  8	  ).	  
	  
Time	  from	  Tooth	  Loss	  to	  Implant	  Placement	  
Six	  percent	  were	   immediate	   implant	  placements,	  7%	  of	  the	   implants	  were	   installed	  within	  6	  weeks	  
following	   tooth	   removal	   (	   early	   placement	   )	   and	   87%	   were	   inserted	   in	   completely	   healed	   sites	  	  	  	  	  	  	  	  	  	  	  	  	  	  
(	   delayed	   placement	   ).	   The	   time	   from	   tooth	   loss	   to	   implant	   surgery	   had	   no	   significant	   impact	   on	  
implant	  failure	  (	  p-­‐values:	  Fisher:	  .469;	  log–rank:	  .470	  )	  (	  Table	  4	  ).	  Multivariate	  analysis	  also	  failed	  to	  
show	  a	  significant	  influence	  of	  this	  parameter	  (	  p	  =	  .942	  )	  (	  Table	  8	  ).	  
Surgical	  and	  Loading	  Protocols	  
Eighty-­‐two	  percent	  of	  the	   implants	  were	   installed	   in	  native	  bone	  and	  18%	  in	  augmented	  bone.	  The	  
latter	  comprised	  onlay	  and	  inlay	  bone	  grafts	  with	  or	  without	  the	  use	  of	  biomaterials	  and	  regenerative	  
techniques	   according	   to	   the	   protocols	   clinically	   used	   by	   experienced	   surgeons.	   These	   additional	  
procedures	   had	   no	   significant	   impact	   on	   implant	   failure	   (	   p-­‐values:	   Fisher:	   .836;	   log–rank:	   .807	   )	  
(Table	  5).	  	  
Forty-­‐three	  percent	  of	  the	  implants	  were	  installed	  with	  a	  one-­‐stage	  surgical	  approach	  and	  57%	  with	  a	  
two-­‐stage	  approach.	  Univariate	  analyses	   showed	  a	   significant	   influence	  of	   the	   surgical	   protocol	  on	  
implant	   failure	   (	   p-­‐values:	   Fisher	   and	   log–rank:	   .002	   )	   (	  Table	   5	   ).	  Of	   the	  non-­‐submerged	   implants,	  
4.9%	  were	  lost;	  whereas,	  only	  1.6%	  of	  the	  submerged	  implants	  failed.	  Multivariate	  analysis	  failed	  to	  
show	  significant	  differences	  for	  bone	  condition	  and	  surgical	  protocol	  (	  p	  =	  .564	  and	  .914	  )	  (	  Table	  8	  ).	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Twenty-­‐five	  percent	  of	  the	  implants	  were	  loaded	  within	  72	  h	  of	  insertion	  (	   immediate	  loading	  ),	  3%	  
within	  12	  weeks	  (	  early	  loading	  ),	  and	  72%	  thereafter	  (	  delayed	  loading	  ).	  Univariate	  analyses	  showed	  
a	   significant	   influence	   of	   the	   loading	   protocol	   on	   implant	   failure	   (	   p-­‐values:	   Fisher:	   .003;	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
log–rank:	  .002)	  (	  Table	  5	  ).	  Early	  loading	  resulted	  in	  significantly	  higher	  failure	  rates	  in	  comparison	  to	  
delayed	  loading	  (	  6.9%	  vs	  0.8%;	  p-­‐values:	  Fisher:	  .033;	  log–rank:	  .001	  ).	  Similarly,	  immediate	  loading	  
showed	  higher	  implant	  failure	  when	  compared	  with	  delayed	  loading	  (	  3.0%	  vs	  0.8%;	  p-­‐values:	  Fisher:	  
.013;	   log–rank:	   .006	   ).	   There	   was	   no	   significant	   difference	   between	   early	   and	   immediate	   loading	  	  	  	  	  	  	  	  	  
(	  p-­‐values:	   Fisher:	   .259;	   log–rank:	   .298	   ).	  Multivariate	  analysis	   confirmed	   the	   impact	  of	   the	   loading	  
protocol	  on	  implant	  failure	  (	  p	  =	  .049	  )	  (	  Table	  8	  ).	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However,	   only	   early	   loading	   induced	   significantly	  more	   implant	   loss	  when	   compared	  with	   delayed	  
loading	  (	  p	  =	  .014	  )	  with	  a	  hazard	  ratio	  of	  9.7	  (	  95%	  confidence	  interval	  1.6–59.3	  ).   
	  
	  
Type	  of	  Prosthesis	  
A	   distinction	   was	   made	   between	   implant-­‐supported	   overdentures	   on	   splinted	   or	   single-­‐standing	  
implants	   (	   removable	   )	  and	  fixed	  partial	  or	   full-­‐arch	  restorations	   (	   fixed	   ).	  Because	  of	   the	  variety	  of	  
restorative	   materials	   used,	   no	   further	   distinctions	   were	   made.	   The	   type	   of	   prosthesis	   had	   no	  
significant	   impact	   on	   implant	   failure	   (	   p-­‐values:	   Fisher:	   .228;	   log–rank:	   .175	   )	   (	   Table	   6	   ).	   No	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Surgeon’s	  Related	  Factors	  
The	  clinicians	  involved	  in	  the	  surgical	  part	  of	  implant	  therapy	  included	  two	  experienced	  maxillofacial	  
surgeons	   and	   two	   surgeons-­‐in-­‐training.	   In	   the	   periodontal	   department,	   three	   experienced	  	  
periodontists	   and	   three	   postgraduates	   installed	   implants.	   Clinicians	   with	   more	   than	   5	   years	   of	  
surgical	  expertise	  were	  considered	  experienced.	  Both	  surgeon’s	  experience	  and	  specialty	  (	  Table	  7	  )	  
showed	  a	  significant	  influence	  on	  implant	  failure	  in	  favor	  of	  inexperienced	  clinicians	  (	  p-­‐values:	  Fisher	  
and	   log–rank:	   <	   .001	   )	   and	   oral	   surgeons	   (	   p-­‐values:	   Fisher:	   .040;	   log–rank:	   .035	   ).	   However,	  
multivariate	   analysis	   failed	   to	   show	   a	   significant	   impact	   of	   these	   surgeon’s	   related	   parameters	  	  	  	  	  	  	  	  	  	  	  	  	  




The	  current	  study	  evaluated	  implant	  outcome	  in	  an	  academic	  specialist	  training	  center	  and	  reported	  
all	  patients	  treated	  over	  a	  3-­‐year	  period	  without	  exclusion.	  This	  implies	  that	  all	  patients	  regardless	  of	  
their	  medical	  and/or	  oral	   risk	  profile	  were	   included	   in	   the	  analyses.	  Additionally,	   given	   the	   specific	  
profile	  of	   the	  academic	  postgraduate	  center,	   treatments	  were	  performed	  by	  clinicians	  with	  various	  
experience	   levels	   and	   skills.	   As	   such,	   straightforward	   cases	   as	  well	   as	   complex	   cases	  were	   treated	  
using	  evidence-­‐based	  as	  well	  as	  experimental	  treatment	  strategies	  involving	  various	  implant	  systems.	  
Taking	   this	   into	   consideration,	   the	   overall	   implant	   failure	   rate	   of	   3.5%	   yields	   substantial	   success	  
compared	  with	  other	  studies	  using	  different	  systems	  in	  all	  kinds	  of	  indications	  in	  the	  short	  term	  5,8–12.	  
This	   retrospective	   study	   involved	   at	   least	   23	   implant	   types	   and	   7	   different	   surfaces	   from	   several	  	  
implant	  branches.	   In	   this	   respect,	   it	   is	  noteworthy	   that	   some	   implant	   systems	  were	  predominantly	  
used	   in	   research	  projects	  under	  challenging	  conditions	   (	  eg,	   immediate	   loading	   in	  grafted	  maxillary	  
bone	  ),	  while	  others	  were	  solely	  used	  to	  support	  an	  overdenture	  on	  two	  implants	   in	  the	  symphysis	  
with	   a	   conservative	   approach	   (	   two-­‐stage	   delayed	   loading	   procedure	   ).	   Hence,	   it	   was	   deemed	  
inappropriate	   to	   include	   implant	   type	   and	   surface	   as	   covariates.	  Despite	   these	   various	   indications,	  
the	  overall	  success	  of	  any	  individual	  implant	  system	  was	  above	  90%.	  	  
Implant	   failures	  have	  been	  subdivided	   into	  early	  and	   late	   failures	   13.	   In	  the	  context	  of	  conventional	  
implant	  surgery,	  early	  failures	  refer	  to	  implant	  loss	  up	  to	  abutment	  connection	  and	  result	  from	  “the	  
inability	  to	  establish	  an	  intimate	  bone-­‐to-­‐implant	  contact”	  14.	  In	  this	  case,	  the	  physiological	  processes	  
of	  bone	  healing	  do	  not	  occur	  and	  the	  implant	  becomes	  surrounded	  by	  fibrous	  scar	  tissue	  leading	  to	  
mobility	  and	  eventually	  implant	  loss	  15.	  Recently,	  natural	  teeth	  neighboring	  the	  implant	  site,	  smoking	  
habits,	   Crohn’s	   disease,	   osteoporosis,	   and	   hormone	   replacement	   have	   been	   associated	  with	   these	  
early	   failures	   16,17.	   Late	   failures	   occur	   following	   normal	   osseointegration	   and	  may	   be	   explained	   by	  
peri-­‐implantitis	  and/or	  occlusal	  overload	  6.	  Implant	  location	  and	  radiotherapy	  have	  been	  identified	  as	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significant	  predictors	  of	  such	   late	   failures	  18.	   In	   the	  present	  study,	  18	   implants	  were	   lost	  within	  the	  
first	  3	  months	  of	  function.	  Albeit	  these	  failures	  occurred	  during	  the	  early	  stages	  of	  healing,	  they	  do	  
not	   necessarily	   correspond	   to	   the	   above-­‐cited	   early	   failures	   as	   classified	   by	   Albrektsson	   et	   al	   13.	  
Indeed,	   it	   is	   impossible	  to	   identify	  the	  etiology	  of	   implant	  failure	  when	  treatment	  concepts	  such	  as	  
non-­‐submerged	   healing	   and	   immediate	   loading	   are	   included.	   Because	   implants	   are	   already	   under	  
loading	   conditions	   during	   osseointegration,	   any	   inadequate	   bone-­‐to-­‐implant	   contact	   resulting	   in	  
failure	   could	   be	   inflicted	   during	   surgery	   or	   thereafter	   by	   overload.	   Given	   the	   relatively	   short	   time	  
frame	  of	  function,	  being	  30	  months	  on	  average,	  it	  is	  unlikely	  that	  peri-­‐implantitis	  was	  involved.	  	  
	  
An	   interesting	   observation	   was	   that	   a	   number	   of	   factors	   showed	   a	   significant	   association	   with	  
implant	   failure	   on	   the	   basis	   of	   univariate	   analyses	   (	   implant	   location,	   surgical	   protocol,	   loading	  
protocol,	   surgeon’s	   experience,	   surgeon’s	   specialty	   ).	   Controlling	   for	   covariates	   ruled	   out	   the	  
significant	   impact	   of	   all	   but	   one	   (	   loading	   protocol	   ).	   Obviously,	   univariate	   methods	   should	   be	  
considered	  strictly	  exploratory	  in	  this	  context	  because	  they	  do	  not	  account	  for	  possible	  interactions.	  	  
The	   survival	   rate	   of	   standard	   length	   and	   diameter	   implants	   was	   comparable	   with	   what	   has	   been	  
reported	   in	   the	   literature	   17,19–21.	   In	   our	   study,	   neither	   implant	   length	   nor	   implant	   diameter	   were	  
significantly	  related	  to	  implant	  failure.	  This	  is	  in	  contrast	  to	  Renouard	  and	  Nissand	  22,23	  and	  Alsaadi	  et	  
al.	  16	  mainly	  reporting	  on	  machined-­‐surface	  implants,	  but	  in	  agreement	  with	  others	  24,25.	  In	  the	  latter	  
reports,	   as	   in	   the	   present	   study,	   surface-­‐modified	   implants	   were	   used,	   which	   may	   explain	   the	  
disparity	  with	  the	  literature.	  	  
Predictable	   treatment	   outcomes	   have	   been	   reported	   for	   implant	   therapy	   in	   various	   jaw	  	  	  	  	  	  	  	  	  	  	  
locations	  1,26–33.	  With	  respect	  to	  implant	  location,	  most	  failures	  in	  our	  study	  occurred	  in	  the	  posterior	  
mandible	  (	  6.6%	  vs	  3.3%	  ).	  Similar	  findings	  have	  been	  earlier	  described	  8,16,17.	  In	  our	  study,	  however,	  
implant	  location	  was	  not	  significantly	  related	  to	  implant	  failure	  when	  controlling	  for	  other	  covariates.	  	  
The	  time	  from	  tooth	  loss	  to	  implant	  placement	  showed	  no	  significant	  association	  with	  failure	  in	  our	  
study.	  This	   is	   in	   line	  with	  recent	  reports	  showing	   low	  failure	  rates	   for	  early	  and	   immediate	   implant	  
placement	  following	  extraction	  2,9,29,33–38.	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We	  observed	  no	  significant	  difference	  in	  the	  incidence	  of	  failures	  between	  implants	  placed	  in	  native	  
and	   grafted	   bone.	   This	   is	   in	   accordance	   with	   other	   studies	   39–45.	   It	   still	   remains	   to	   be	   elucidated,	  
however,	   whether	   implants	   placed	   in	   augmented	   areas	   enjoy	   the	   high	   long-­‐term	   survival	   rates	   of	  
implants	  inserted	  in	  pristine	  sites,	  as	  highlighted	  in	  a	  recent	  	  consensus	  report	  46.	  
Survival	  rates	  were	  comparable	  following	  conventional	  two-­‐stage	  surgery	  and	  one-­‐stage	  surgery,	  at	  
least	  based	  on	  multivariate	  analyses.	  This	  is	  in	  agreement	  with	  the	  existing	  knowledge	  on	  submerged	  
versus	  non-­‐submerged	  healing	  3,8,47–54.	  
Clinical	  studies	  have	  shown	  good	   implant	  survival	  of	  early	   loaded	  turned	  55–57	  and	  surface-­‐modified	  	  
implants	   58–62.	   Under	   certain	   conditions	   this	   also	   holds	   true	   for	   immediate	   loading	   33,63–68.	   In	   some	  
cases,	   immediate	  loading	  even	  yields	  superior	  outcome	  in	  standard	  bone	  conditions	  67–69	  or	  even	  in	  
soft	  bone	  10.	  As	  well	  on	  the	  basis	  of	  univariate	  analyses	  as	  on	  the	  basis	  of	  Cox	  proportional	  Hazards	  
regression	   the	   loading	   protocol	   was	   a	   significant	   predictor	   of	   implant	   failure.	   Controlling	   for	  
covariates	   showed	   comparable	   implant	   loss	   for	   immediate	   and	   delayed	   loading.	   However,	   early	  
loading	   induced	   significantly	  more	   implant	   loss	   in	   comparison	   with	   a	   conventional	   loading	   period	  	  	  	  	  	  	  	  
(	  p	  =	   .014	   )	  with	  a	  hazard	   ratio	  or	   risk	  estimate	   for	   failure	  of	  9.7.	  We	  examined	   the	  validity	  of	  our	  
results	   obtained	   from	   the	   Cox	   proportional	   hazards	   regression	   by	   logistic	   regression	   analysis.	   The	  
latter	  may	  be	  considered	  a	  simplification	  in	  this	  context	  as	  it	  does	  not	  take	  into	  account	  the	  time	  to	  
event	  (	  failure	  ).	  However,	  because	  the	  average	  time	  span	  to	  failure	  was	  only	  5	  months,	  this	  could	  be	  
considered	  of	  minor	   importance.	  Logistic	   regression	  analysis	  also	   identified	   the	   loading	  protocol	  as	  
the	   only	   explanatory	   variable	   for	   implant	   failure	   (	   p	   =	   .050	   ).	   Again,	   early	   loading	   resulted	   in	  
significantly	  more	   implant	   loss	  when	  compared	  with	  delayed	   loading	   (	  p	  =	   .014	   ).	   This	   finding	   is	   in	  
agreement	  with	   the	   results	   of	   a	   recent	   retrospective	   study	   on	   490	   implants	  with	   up	   to	   5	   years	   of	  
follow-­‐up	   showing	   cumulative	   survival	   rates	   of	   94.4%	   for	   early	   loading	   and	   97.9%	   for	   delayed	  	  	  	  
loading	  70.	  A	  trend	  toward	  superior	  results	  following	  conventional	  loading	  has	  also	  been	  reported	  in	  
recent	   systematic	   reviews	   4,5.	   We	   believe	   our	   results	   are	   important	   as	   the	   impact	   of	   the	   loading	  
protocol	  was	  consolidated	  by	  statistical	  analyses	  controlling	  for	  other	  	  covariates.	  Consequently,	  the	  
clinician	   should	   take	   into	   account	   that	   early	   loading	   may	   significantly	   increase	   implant	   failure	  
because	  of	  uncontrolled	  loading	  during	  the	  initial	  healing	  period.	  Early	  loading	  follows	  most	  often	  a	  
one-­‐stage	  surgical	  approach	  whereby	  a	  healing	  abutment	  is	  piercing	  throughout	  the	  mucosal	  tissue,	  
risks	  to	  be	  prematurely	  loaded	  during	  biting,	  clenching,	  and	  tongue	  or	  cheek	  pressure.	  Furthermore,	  
manipulating	   implant	   components	   during	   the	   initial	   healing	   can	   coincide	  with	   the	   first	   3–6	  weeks	  
reduction	   of	   implant	   stability	   following	   implant	   placement	   as	   described	  with	   resonance	   frequency	  
analysis	   71.	  Whether	   this	   increased	   risk	   is	   clinically	   relevant	   today	  with	   the	  use	  of	  modified-­‐surface	  
implants	   remains	   a	   matter	   of	   debate.	   It	   is	   generally	   accepted,	   however,	   that	   immediate	  
provisionalization	   of	   multiple	   splinted	   implants	   with	   a	   ridgid	   prosthesis	   is	   a	   safer	   approach	   to	  
minimize	  implant	  jiggling	  that	  may	  hamper	  osseointegration.	  This	  could	  be	  a	  possible	  explanation	  for	  
the	   better	   outcome	   of	   immediately	   loaded	   implants	   in	   the	   current	   study	   and	   was	   discussed	   in	  
previous	  papers	  68,72.	  	  
The	   type	   of	   prosthesis	   (	   removable	   vs	   fixed	   )	   was	   not	   related	   to	   implant	   loss	   in	   this	   study.	   This	  	  
confirms	  the	  general	  finding	  of	  high	  survival	  rates	  for	  implants	  supporting	  fixed	  as	  well	  as	  removable	  
prostheses	  1,5,32,54,64,73–79.	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A	   detailed	   analysis	   of	   patient-­‐related	   factors	   such	   as	   smoking	   and	   systemic	   diseases	   was	   not	   the	  
primary	  objective	  of	   the	   current	   retrospective	   study.	  At	   the	   time	   the	  patients	  were	   treated,	   these	  
factors	  were	  not	  registered	  in	  a	  standardized	  manner.	  Possibly	  missing	  	  information	  on	  self-­‐reported	  
smoking	  habits	  was	  updated	  for	  all	  failed	  implants	  by	  detailed	  searching	  the	  complete	  patient	  file	  or	  
questioning	   the	   surgeons	   and/or	   patients.	  Nineteen	  of	   the	   41	   failed	   implants	   occurred	   in	   smoking	  
patients.	  These	  are	  absolute	  figures	  and	  should	  be	  interpreted	  with	  caution	  because	  the	  distribution	  
of	  smokers	   in	   the	   total	   sample	   is	  unclear.	  A	  significant	   influence	  has,	  however,	  been	  highlighted	   in	  
recent	   systematic	   reviews	   80,81.	   Especially	   during	   the	   early	   stages	   of	   healing,	   smoking	   seems	   to	  
compromise	  osseointegration	  16,17.	  Smoking-­‐related	  failures	  also	  seem	  to	  cluster	   in	   the	  maxilla	   80,82.	  
One	  should,	  however,	  keep	  in	  mind	  that	  current	  systematic	  reviews	  are	  based	  predominantly	  on	  the	  
outcome	  of	  turned	  implants.	  With	  the	  overwhelming	  usage	  of	  surface-­‐modified	  implants	  today,	  this	  
may	  not	  be	  longer	  valid	  today	  83.	  Factors	  such	  as	  osteoporosis	  and	  hormone	  replacement	  were	  also	  
not	   registered	   in	   a	   systematic	   way.	   Their	   possible	   impact	   on	   implant	   failure	   is	   still	  	  	  	  	  	  	  	  	  	  	  	  	  	  
controversial	  16,17,84,85.	  	  
A	   number	   of	   studies	   showed	   a	   relevant	   impact	   of	   the	   clinician’s	   experience	   on	   implant	   survival	  
indicating	   less	   failures	   for	   experienced	   surgeons	   86–89.	   These	   findings	   seem	   in	   contrast	   with	   our	  
observations	  because	  clinical	  experience	  had	  no	  significant	  impact	  on	  implant	  survival,	  at	  least	  not	  on	  
the	   basis	   of	  multivariate	   analyses	   which	   has	   recently	   been	   confirmed	   by	   others	   90,91.	   A	   significant	  
difference	  in	  favor	  of	  inexperienced	  surgeons	  based	  on	  univariate	  methods	  could	  be	  explained	  by	  the	  
fact	  that	  the	  more	  challenging	  cases	  with	  poor	  bone	  quality	  and/or	  quantity	  had	  been	  treated	  by	  the	  
academic	  staff;	  whereas,	  standard	  cases	  had	  been	  usually	  treated	  by	  clinicians-­‐in-­‐training.	  Note	  that	  
bone	  quality	  and	  quantity	  were	  not	  included	  as	  predictors	  in	  the	  present	  study.	  Similarly,	  the	  fewer	  
failures	   by	   oral	   surgeons	   on	   the	   basis	   of	   univariate	   analyses	   could	   be	   explained	   by	   a	   disparity	   in	  
treated	  cases	  and	  treatment	  strategies.	  Oral	  surgeons	   installed	  38%	  of	   the	   implants	   in	   the	  anterior	  
mandible	   for	   overdenture	   treatment	   using	   a	   two-­‐stage	   surgical	   approach.	   This	   indication	   and	  
strategy	  may	  be	  considered	  very	  predictable	  5,54,75,76,79	  which	  is	  also	  supported	  by	  our	  data	  indicating	  
only	   0.5%	   failures	   in	  mandibular	   overdenture	   cases	   versus	   1.0%	   and	   2.4%	   failures	   for	   single-­‐tooth	  
replacements,	  respectively,	  multiple-­‐unit	  bridges.	  The	  cases	  treated	  by	  periodontists,	  however,	  were	  
much	   less	   homogeneous	   as	   well	   in	   terms	   of	   implant	   location	   as	   treatment	   approach	   frequently	  
adopting	   innovative	   concepts	   often	   in	   conjunction	   with	   research	   protocols	   under	   scrutiny.	   For	  
instance,	   periodontists	   placed	   84%	   of	   the	   implants	   using	   a	   one-­‐stage	   surgical	   approach.	   The	  
corresponding	  value	   for	  oral	  surgeons	  was	  only	  21%.	   Immediate	   loading	  was	  performed	  on	  40%	  of	  
the	   implants	   installed	   by	   periodontists.	   The	   corresponding	   value	   for	   oral	   surgeons	  was	   8%.	   These	  
findings	   indicate	   a	  more	   conventional	   treatment	   approach	   applied	   by	   the	   oral	   surgeons	   and	  may	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CONCLUSION	  
In	  conclusion,	  the	  loading	  protocol	  was	  the	  only	  factor	  that	  was	  significantly	  associated	  with	  implant	  
failure	  in	  a	  large	  sample	  of	  implants	  placed	  in	  daily	  clinical	  practice	  and	  in	  function	  for	  up	  to	  4	  years.	  
On	  the	  basis	  of	  these	  results,	  immediate	  loading	  may	  be	  considered	  a	  viable	  alternative	  for	  delayed	  
loading;	  whereas,	  early	  loading	  may	  not.	  It	  must	  be	  stressed	  that	  these	  conclusions	  only	  relate	  to	  the	  
presence	  of	  implants	  irrespective	  of	  their	  clinical	  success.	  The	  latter	  is	  clearly	  influenced	  by	  a	  number	  
of	  factors	   including	  hard	  and	  soft	  tissue	  parameters,	  which	  have	  not	  been	  included	  in	  this	  study.	   In	  
addition,	  our	  conclusions	  should	  not	  be	  considered	  definitive	  but	  rather	  exploratory	  for	  a	  number	  of	  
reasons.	  First,	  the	  cross-­‐sectional	  nature	  of	  this	  retrospective	  study	  should	  be	  emphasized.	  Second,	  
the	  overall	  failure	  rate	  was	  very	  low	  (	  3.5%	  )	  but	  could	  have	  been	  underrated	  because	  patients	  were	  
not	   actually	   examined.	   Instead,	   information	   on	   the	   parameter	   of	   interest,	   implant	   failure,	   was	  
retrieved	   on	   the	   basis	   of	   hospital	   files.	   Finally,	   we	   only	   included	   a	   limited	   number	   of	   covariates.	  
Clearly,	   large-­‐scale	  prospective	  studies	  are	  needed	   to	  confirm	  our	  observations	   in	   the	   long	   term	   in	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  crestal	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  surgery	  and	  immediate	  loading	  
using	  the	  “all-­‐on-­‐4”	  concept	  




Introduction:	  The	  “All-­‐on-­‐four”	  concept	  is	  widely	  spread	  for	  full	  arch	  rehabilitations	  on	  2	  tilted	  and	  2	  
axially	  loaded	  implants	  but	  crestal	  bone	  loss	  is	  inconsistently	  reported	  in	  literature.	  
Purpose:	   To	  assess	   the	  3	   years	   survival	   and	   crestal	  bone	   loss	  of	   implants	   immediately	   loaded	  with	  
“All-­‐on-­‐four”	  screw	  retained	  fixed	  dentures	  in	  fully	  edentulous	  mandibles	  and	  maxillae.	  
Materials	  and	  methods:	  20	  patients	  with	  atropic	  jaws	  (	  9	  maxillae,	  11	  mandibles	  )	  were	  treated	  with	  
computer-­‐guided	  flapless	  surgery	  and	  received	  4	  TiUnite™	  Brånemark	  implants,	  immediately	  loaded.	  
Peri-­‐apical	  radiographs	  were	  taken	  after	  surgery,	  one	  and	  three	  years.	  
Results:	  The	  3-­‐year	  survival	  rate	  was	  100%	  and	  none	  of	  the	  temporary	  or	  definite	  prostheses	  were	  
lost	  during	  follow-­‐up.	  After	  1	  year,	  mean	  bone	   loss	  was	  1.13	  mm	  (	  SD	  0.94;	  range	  -­‐0.1	  to	  3.8	  )	  and	  
after	  3	  years	  1.61	  mm	  (	  SD	  1.40;	  range	  0	  to	  5	  mm	  ).	  The	  mean	  bone	  loss	  between	  the	  first	  and	  third	  
year	  was	  0.48	  mm	  (	  SD	  0.66;	   range	   -­‐	  1.2	   to	  3.6	   )	  and	  statistically	   significantly	  different	   (	  p<0.001	   ).	  
26%	  of	  the	  implants	  had	  bone	  loss	  above	  1.5	  mm	  after	  1	  year	  but	  after	  3	  years	  already	  30%	  of	  the	  
implants	  lost	  more	  than	  1.9	  mm.	  49.2%	  of	  the	  patients	  showed	  ongoing	  crestal	  bone	  loss.	  
Conclusion:	   The	   implant	   and	  prosthetic	   survival	  was	   100%	  and	  patients	  were	   benefitting	   from	   the	  
“all-­‐on-­‐four”	   treatment.	   Yet,	   unacceptable	   ongoing	   bone	   loss	   in	   nearly	   half	   the	   patients	  may	   be	   a	  
warning	  sign	  for	  future	  problems	  and	  needs	  clinical	  attention.	  Overloading	  or	  implant	  related	  aspects	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INTRODUCTION	  
	  
Today	   dental	   implant	   treatment	   is	   predictable	   for	   total	   and	   partial	   edentulism1.	   Long-­‐term	   clinical	  
data	  have	  in	  general	  shown	  a	  high	  survival	  and	  success	  rate	  when	  sufficient	  bone	  volume	  is	  	  
available	  2.	  The	  restoration	  of	  the	  fully	  edentulous	  jaw	  on	  4	  to	  6	  axially	   loaded	  dental	   implants	  was	  
originally	  proposed	  by	  Brånemark	  et	  al.	  3	  and	  has	  shown	  close	  to	  100%	  implant	  survival	  provided	  the	  
implants	  are	  anchored	  optimally.	  This	  ideal	  placement	  can	  be	  hampered	  by	  reduced	  bone	  volume	  or	  
anatomical	   constraints	   like	   the	  maxillary	   sinuses	  and	   the	  presence	  of	   the	   inferior	  alveolar	  nerve	   in	  
the	  mandible.	  Various	  techniques	  to	  overcome	  these	  problems	  have	  been	  proposed.	  One	  of	  them	  is	  
the	  sinus	  floor	  augmentation	  procedure	  for	  the	  maxilla,	  which	  has	  become	  a	  standard	  procedure	  to	  
increase	   bone	   height	   in	   the	   posterior	  maxilla.	   For	   the	   latter,	   various	   grafting	  materials	   have	   been	  
used,	  with	  disparity	   in	  outcome,	  often	  more	  related	  to	  the	  residual	  crestal	  bone	  height	  than	  to	  the	  
grafting	   material	   4.	  On	   the	   other	   hand,	   bone	   onlay	   procedures	   result	   in	   unpredictably	   more	   graft	  
bone	   resorption	   and	  when	   implants	   are	   consecutively	   installed	   these	   are	   subjected	   to	  more	   peri-­‐
implant	  bone	  loss	  5	  and	  a	  less	  predictable	  treatment	  outcome.	  	  
In	  the	   last	  years,	  several	  clinical	  studies	  have	  reported	  that	  tilting	  of	  the	   implants	   in	  order	  to	  avoid	  
critical	   anatomical	   structures	   such	   as	   the	   sinus	   or	   the	   mandibular	   nerve	   represent	   an	   acceptable	  
treatment	  option.	  Krekmanov	  et	  al.6	  proposed	  tilted	  distal	  implants	  to	  avoid	  anatomic	  obstacles	  and	  
to	   reduce	   the	   length	  of	  distal	   cantilevers.	  The	  combination	  of	   tilted	  and	  axially	   loaded	   implants,	   in	  
conjunction	  with	  immediate	  loading	  was	  introduced	  as	  the	  “all-­‐on-­‐four	  concept”	  for	  the	  mandible	  in	  
2003	  7	  and	  basically	  refers	  to	  the	  placement	  of	  2	  axially	  loaded	  anterior	  implants	  and	  2	  tilted	  ones	  in	  
the	   posterior	   zone.	   The	   tilted	   implants	   are	   aimed	   to	   pass	   the	   mental	   foramen	   and	   require	   an	  
angulated	  abutment.	  A	  large	  cohort	  clinical	  study	  involving	  245	  patients	  and	  980	  implants	  installed	  in	  
the	  mandible	   revealed	  a	  patient	  and	   implant	   related	   success	  of	   respectively	  94.8%	  and	  98.1%	  at	  5	  
years.	   This	   further	   reduced	   to	   93.8%	   and	   94.8%	   after	   10	   years	   follow-­‐up8.	   This	   resulted	   in	   a	  
prosthesis	  survival	  of	  99.2%	  with	  an	  up	  to	  10	  years	   follow-­‐up.	  Unfortunately,	  bone	  evaluation	  data	  
were	   not	   reported.	   Also	   in	   the	   maxilla	   the	   “All-­‐on-­‐four”	   concept	   is	   widely	   used.	   Studies	   have	  
scrutinized	  the	  outcome	  in	  the	  maxilla	  using	  open	  flap	  surgery	  7-­‐11	  	  as	  well	  as	  using	  flapless	  computer-­‐
assisted	   surgery.12,	  13	   Albeit	  with	   a	   good	   implant	   survival,	  many	   of	   the	   studies	   lack	   an	   appropriate	  
reporting	  of	  bone	  levels	  or	  peri-­‐implant	  soft	  tissue	  health	  or	  have	  large	  drop-­‐outs	  during	  follow-­‐up	  as	  
drawbacks.	  
Few	   studies	   revealed	   that	   in	   partial	   implant	   restorations	   tilting	   of	   the	   implants	   did	   not	   jeopardize	  
marginal	  bone	  resorption	  in	  either	  maxilla	  or	  mandible	  14,	  15.	  Whether	  this	  is	  also	  sustained	  in	  cross-­‐
arch	   “all-­‐on-­‐four”	   type	   reconstructions	   with	   cantilevers	   distal	   to	   the	   posterior	   tilted	   implant	   and	  
whether	  the	  bone	  level	  is	  stable	  over	  time	  remains	  to	  be	  investigated.	  Based	  on	  the	  available	  clinical	  
studies,	  the	  tilted	  implants	  are	  not	  subjected	  to	  a	  higher	  implant	  failure	  rate	  but	  there	  are	  indications	  
from	   in	   vitro	   studies	   that	   stress	   patterns	   around	   the	   tilted	   distal	   implants	   are	   depending	   on	   the	  
angulation	  and	  this	  may	  affect	  crestal	  bone	  remodelling	  .	  For	  the	  implants	  placed	  at	  an	  angle	  of	  15	  
and	   30	   degrees,	   little	   difference	   exists	   between	   the	   angled	   and	   axially	   loaded	   anterior	   implants.	  
However,	  based	  on	  an	  in	  vitro	  photo	  elastic	  stress	  analysis	  study,	  the	  peri-­‐implant	  bone	  around	  the	  
45	  degree	  angled	  distal	  abutment	  may	  be	  more	  prone	  to	  occlusal	  overload	   than	  bone	  surrounding	  
implants	  with	  lesser	  tilts	  16.	  This	  could	  over	  time	  lead	  to	  bone	  level	  changes,	  by	  itself	  increasing	  the	  
risk	   for	   peri-­‐implant	   diseases.	   It	   is	   the	   more	   regrettable	   that	   in	   the	   majority	   of	   the	   “all-­‐on-­‐four”	  
papers	  crestal	  bone	  level	  changes	  around	  the	  implants	  are	  not	  at	  all	  or	  inconsistently	  reported	  7,	  17-­‐19	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Contemporary	  implant	  surgery	  is	  done	  more	  and	  more	  with	  a	  flapless	  procedure	  with	  guided	  surgery	  
based	  on	  virtual	  computer-­‐assisted	  planning.	  Only	  two	  of	  the	  “all-­‐on-­‐four	  concept”	  studies	  are	  done	  
using	   this	   technique	   and	   unfortunately	   both	   lack	   radiographic	   evaluation	   20,21.	   The	   clinical	  
applicability	  of	  this	  surgical	  protocol	  is	  therefor	  still	  unclear.	  	  
	  
The	  aims	  of	  the	  present	  prospective	  three-­‐years	  case	  study	  were:	  
1/	   to	   assess	   the	   clinical	   and	   radiographical	   outcome	   dental	   implants	   placed	   according	   to	   the	   “all-­‐on-­‐4”	  
principle	  in	  extreme	  atrophic	  bone	  conditions	  and	  immediately	  loaded.	  
2/	   to	   evaluate	   individual	   implant	   success	   based	   on	   bone	   level	   changes	   from	   the	   day	   of	   surgery	   and	   to	  
compare	  this	  between	  jaws	  and	  between	  tilted	  versus	  axially	  loaded	  implants.	  








The	  study	  was	  designed	  as	  a	  single	  centered	  prospective	  clinical	  case	  series	  in	  which	  patients	  with	  an	  
extremely	   resorbed	  maxilla	   or	  mandible	   were	   included,	   treated	   and	   followed	   up	   for	   3	   years.	   The	  
study	  was	   approved	   by	   the	   ethical	   committee	   of	   the	  University	   Hospital	   of	   Ghent,	   Belgium	   under	  
reference	  EC	  UZG	  2005/201.	  
At	   the	   first	   visit,	   all	   patients	   were	   properly	   informed	   of	   the	   nature	   of	   the	   study	   and	   a	   written	  
informed	   consent	   was	   obtained.	   Nobel	   Biocare®	   (Nobel	   Biocare	   AB,	   Göteborg,	   Sweden)	   dental	  
implants	  were	  used,	  specifically	  the	  MKIII	  Groovy	  (Ø	  3,75mm)	  for	  the	  lower	  jaw	  and	  the	  NobelSpeedy	  
Groovy	  (Ø	  4,0mm)	  for	  the	  upper	  jaw.	  The	  implant	  length	  was	  depending	  on	  the	  residual	  crest	  height,	  
and	   was	   evaluated	   at	   time	   of	   planning	   by	   means	   of	   the	   NobelGuideTM	   computer-­‐based	   planning	  
system.	   A	   customized	   surgical	   template	   was	   fabricated	   according	   to	   the	   preoperative	   computer-­‐
based	   3D	   planning	   and	   was	   used	   during	   the	   surgical	   procedure	   to	   ensure	   accurate	   implant	  
positioning.	  All	  implants	  were	  placed	  according	  to	  the	  flapless	  protocol	  and	  immediately	  loaded	  by	  a	  





All	  patients	  were	  included	  in	  this	  study	  if	  they	  were	  at	  least	  18	  years	  old	  and	  in	  a	  good	  general	  health.	  
The	  opposing	  dentition	  had	  to	  be	  natural	  teeth,	  	  an	  implant	  borne	  fixed	  restoration	  or	  a	  removable	  
prosthesis	  with	  a	   corresponding	  number	  of	   teeth	   to	  allow	  direct	   loading	  of	  all	   implants.	   In	   case	  of	  
tooth	   extractions	   prior	   to	   surgery,	   they	   had	   to	   be	   performed	   at	   least	   8	   weeks	   before	   implant	  
insertion.	   Patient	  with	   periodontal	   diseases	   in	   the	   opposing	   jaw	   had	   to	   be	   treated	   and	   cleared	   of	  
infection	  before	  the	  start	  of	  the	  implant	  surgery.	  Exclusion	  criteria	  were:	  systemic	  conditions	  such	  as	  
all	   conditions	   requiring	   the	   use	   of	   prophylactic	   antibiotics,	   chronic	   use	   of	   steroids,	   a	   history	   of	  
leukocyte	  dysfunction,	  a	  history	  of	  renal	  failure,	  metabolic	  bone	  diseases	  and	  HIV	  infection.	  As	  local	  
exclusion	   criteria	  were	  withheld:	   irradiation	   therapy	  >40Gy,	  presence	  of	  osseous	   lesions,	   unhealed	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extraction	   sockets,	   previous	   grafting	   procedures	   at	   the	   implantation	   site	   and	   persisting	   intraoral	  





All	  patients	   received	  a	  newly	   fabricated,	  perfectly	  adapted	  removable	  prosthesis.	  These	  prostheses	  
were	   marked	   with	   8	   marker	   points	   before	   the	   scanning	   procedure.	   A	   putty	   bite	   registration	   in	  
maximal	   occlusion,	   referred	   to	   as	   radiographic	   guide,	  was	  made	   of	   each	   patient	   prior	   to	   scanning	  
(Figure	   6.1a).	   The	   patients	   were	   double	   scanned	   following	   the	   “all-­‐on-­‐four”	   protocol.	   The	   first	   CT	  
scan	  was	  taken	  of	  the	  patient	  with	  the	  prosthesis	  and	  putty	  guide	  correctly	  placed	  in	  the	  mouth.	  A	  
second	  CT	  scan	  was	  taken	  only	  of	  the	  prosthesis.	  	  
Based	  on	  the	  CT,	  every	  patient	  was	  virtually	  planned	  with	  the	  NobelGuideTM	  software	  resulting	  in	  an	  
individualized	   surgical	   template.	   All	   planning’s	   were	   performed	   by	   one	   and	   the	   same	   person	   and	  
checked	  by	   the	  prosthodontist.	  A	  new	  bite	   registration,	  with	   the	  surgical	  guide,	  was	  performed	  on	  
articulator	  in	  the	  dental	  laboratory	  and	  resulted	  in	  the	  surgical	  index.	  This	  surgical	  index	  is	  necessary	  
to	  allow	  exact	  positioning	  of	  the	  surgical	  template	  in	  the	  mouth	  before	  starting	  surgery	  (Figure	  6.1b).	  
To	   facilitate	   the	   insertion	   of	   the	   30°	   angled	   multi-­‐unit	   abutments,	   at	   time	   of	   surgery,	   a	   jig	  
construction	  connecting	  the	  abutment	  and	  the	  distal	   implant	  on	  each	  site	  was	  prefabricated	   in	  the	  
dental	  lab.	  The	  jig	  construction	  includes	  an	  impression	  coping	  for	  open	  tray	  on	  the	  axial	  implant	  and	  
a	  30°	  multi-­‐unit	  non-­‐engaging	  abutment	  and	  abutment	  holder	  with	  jig	  stabilizer	  on	  the	  tilted	  implant.	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Surgery	  and	  provisionalisation	  	  	  
	  
Surgery	   was	   performed	   under	   local	   anesthesia	   with	   articaïne	   chlorhydrate	   with	   adrenaline	  
1:100,000.	   Patients	   were	   not	   premedicated.	   All	   patients	   were	   treated	   by	   the	   same	   maxillofacial	  
surgeon	   (HB),	  who	  had	  experience	  with	   the	   implant	   system	  used.	   They	   received	  4	  dental	   implants	  
located	  anterior	  to	  the	  mental	  foramen	  or	  the	  sinus.	  (Branemark	  System	  ,	  Nobel	  Biocare®,	  Göteborg,	  
Sweden).	  All	   implants	  were	  placed	   flapless	  using	   the	  NobelGuideTM	  	   surgical	   template	   (Figure	  6.1c).	  
The	  2	  most	  distally	  placed	  implants	  were	  tilted	  up	  to	  30	  degrees,	  carefully	  chosen	  to	  avoid	  damage	  to	  
the	   inferior	   alveolar	   nerve	   or	   perforation	   into	   the	  maxillary	   sinus.	   These	   distal	   implants	   emerged,	  
after	   connecting	   the	   30°	  multi-­‐unit	   abutments,	   in	   the	   second	  premolar	   region,	   so	   that	   a	   definitive	  
bridge	  with	  a	  minimal	  cantilever	  length	  of	  1	  (pre)molar	  length	  could	  be	  installed.	  No	  cantilevers	  were	  
foreseen	  on	  the	  provisional	  bridge.	  The	  two	  medial	  axial	   implants	  were	  placed	  at	  the	  lateral	   incisor	  
position.	  
The	  bone	  density	  was	  evaluated	  at	   time	  of	  drilling	  by	   the	  surgeon.	  A	   torque	  controller	   (Osseocare,	  
Nobel	   Biocare)	   with	   a	   torque	   limit	   of	   50	   Ncm	  was	   used	   during	   implant	   placement,	   and	   a	  manual	  
wrench	  was	  used	  in	  case	  of	  incomplete	  seating	  of	  the	  implant.	  
Multiunit	  abutments	  of	  30°	  were	  connected	  using	  a	  jig-­‐construction,	  prefabricated	  in	  the	  lab,	  on	  the	  
most	   distal	   implants.	   Straight	   0°	   multi-­‐unit	   abutments	   were	   provided	   on	   the	   two	   medial	   axial	  
implants	   or	   impressions	   were	   taken	   on	   fixture	   level.	   The	   temporary	   prosthesis	   was	   prepared	   in	  
advance	  with	  access	  holes	  (Figure	  6.1d)	  allowing	  fixation	  of	  the	  temporary	  cylinders	  after	  surgery	  in	  
the	   mouth	   of	   the	   patient.	   Final	   resin	   polymerisation,	   finishing	   and	   polishing	   were	   done	   at	   the	  
laboratory.	   Within	   48	   hours,	   the	   10-­‐units	   provisional	   resin	   based	   prosthesis	   was	   delivered	   and	  
installed	  in	  the	  mouth	  (Figure	  6.1e-­‐f).	  A	  panoramic	  radiograph	  and	  4	  periapical	  radiographs,	  using	  the	  
parallel	  projection	  technique	  were	  taken	  to	  control	  the	  fitting	  of	  the	  provisional	  prostheses	  and	  the	  
abutments.	  The	  occlusion	  was	  checked	  by	  the	  prosthodontist	  and	  hygiene	  instructions	  were	  given	  to	  
the	  patient	  before	  finishing	  of	  the	  treatment.	  Amoxicillin	  and	  clavulanic	  acid	  (Augmentin®,	  Roche)	  in	  
association	  with	   analgesics	   (paracetamol),	   in	   case	   of	   pain,	   were	   prescribed	   postoperatively	   for	   10	  
days.	  Patient	  was	  further	  enrolled	  in	  a	  maintenance	  program	  for	  oral	  hygiene	  reinforcements	  on	  an	  
individual	   basis.	   The	   final	   prosthetic	   work	   was	   started	   in	   accordance	   with	   the	   approval	   of	   the	  
referring	  dentist	  after	  3	  to	  4	  months.	  After	  placement	  of	  the	  final	  prosthesis,	  patients	  came	  back	  at	  
least	   once	   every	   year	   for	  maintenance	   and	   oral	   hygiene	   instructions.	   Radiographic	   evaluation	  was	  
done	  after	  1	  and	  3	  years.	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Crestal	  bone	  loss	  evaluation	  
	  
Crestal	  bone	   levels	  were	  evaluated	  on	  periapical	   radiographs	   taken	  at	   regular	   follow-­‐up	  visits.	   The	  
baseline	   for	   all	  measurements	  was	   after	   functional	   loading	  with	   the	   provisional	   bridge,	  maximally	  
two	  days	   after	   implant	   placement.	  A	   conventional	   Rinn®	  XCP	   film	  holder	   (Dentsply,	   Elgin,	  US)	  was	  
used	  and	   its	  position	  was	  adjusted	  manually	   for	  an	  estimated	  orthogonal	   film	  position.	  Due	   to	   the	  
high	   degree	  of	   alveolar	   ridge	   resorption,	   it	  was	   difficult	   to	   obtain	   an	   orthogonal	   placement	   of	   the	  
holder	   in	   some	   patients.	   An	   independent	   researcher	   (CR),	   not	   involved	   in	   the	   actual	   patient	  
treatment,	   performed	   the	   radiographical	   analyses	   based	   on	   anonimized	   patient	   files.	   Bone	   level	  
measurements	   were	   done	   on	   periapical	   radiographs	   using	   AxioVision	   Rel.	   4.8	   (Zeiss,	   Oberkocken,	  
Germany),	   with	   a	   standard	   deviation	   of	   0.1	   mm.	   The	   bone	   loss	   was	   calculated	   as	   the	   difference	  
between	   the	   bone	   level	   at	   a	   certain	   point	   in	   time	   and	   the	   bone	   level	   at	   baseline	   (placement	   of	  
provisional).	   Mesial	   and	   distal	   bone	   loss	   was	   measured	   and	   a	   Wilcoxon	   Signed	   Ranks	   Test	   was	  
applied	  to	  test	  the	  differences	  between	  the	  mesial	  and	  distal	  bone	  level	  measuring.	  Because	  this	  was	  
not	  statistically	  significant	  different	  (p=0.550)	  ,	  the	  mesial	  and	  distal	  values	  were	  averaged	  to	  obtain	  





Data	   analysis	   was	   executed	   by	   an	   independent	   examiner	   (CR),	   not	   involved	   in	   the	   actual	   patient	  
treatment	  and	  based	  on	  anonimized	  patient	  files.	  Statistics	  were	  done	  using	  SPSS	  18.0	  with	  the	  level	  
of	  significance	  set	  at	  0.05.	  The	  Friedman	  test	  was	  used	  to	  evaluate	  bone	  loss	  changes	  over	  different	  
time	   intervals.	   If	   significant,	   the	   Wilcoxon	   signed	   rank	   test	   was	   used	   for	   bone	   loss	   comparison	  
between	   time	   intervals.	   The	  Chi-­‐Square	   test	  was	  used	   to	  determine	  differences	   in	   implant	   success	  
between	  groups.	  	  
Ten	   radiographs	  were	   chosen	  at	   random	  and	   re-­‐measured	  by	   the	   independent	   researcher	  and	   the	  
practitioner	   to	   obtain	   inter-­‐	   and	   intravariability,	   one	  week	   after	   the	   initial	  measurements.	   A	   t-­‐test	  
was	  applied	  and	  no	  statistical	  significant	  difference	  was	  found	  (p>0.265).	  A	  Mann	  Whitney	  U-­‐test	  was	  
used	  to	  evaluate	  crestal	  bone	  loss	  and	  individual	  implant	  success	  rates	  over	  time.	  The	  changes	  over	  
time	  resulting	  in	  actual	  bone	  loss	  data,	  from	  the	  time	  of	  implant	  placement,	  1	  year	  and	  3	  years	  after	  
placement,	  were	  used	  for	  statistical	  analysis	  and	  examined	  by	  the	  Friedman	  test.	  This	  test	  revealed	  
an	  overall	  significant	  p-­‐value	  hence	  bone	  levels	  between	  time	  intervals	  were	  compared	  two	  by	  two	  
using	   the	   Wilcoxon	   Signed	   Rank	   test.	   Individual	   success	   of	   the	   dental	   implants	   was	   arbitrarily	  
calculated	   as	   proposed	   by	   Vandeweghe	   et	   al.22	   By	   and	   large	   this	   means	   an	   individual	   implant	   is	  
considered	  a	  success	  when	  maximally	  1.5	  mm	  bone	  remodeling	  takes	  place	  during	  the	  first	  year	  and	  
furthermore	   0.2	  mm	  yearly	   thereafter.	   Basically	   this	  means	   an	   implant	   could	   lose	   in	   total	   1.9	  mm	  
after	  3	  years	  and	  still	  be	  called	  a	  success.	  A	  multivariate	  analysis	  (mixed	  models)	  to	  check	  differences	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   Literature	  search	  
	  
The	   existing	   evidence	   on	   the	   all-­‐on-­‐four	   concept	   was	   scrutinized	   via	   an	   electronic	   search	   using	  
PubMed.	  All	  relevant	  papers	  concerning	  the	  “all-­‐on-­‐four”	  concept	  in	  fully	  edentulous	  jaws	  published	  
in	  English	   from	  2000	   to	  2012	  were	  considered.	   Inclusion	  or	   search	   terms	  were:	   “all-­‐on-­‐4	  concept”,	  
“bone	  loss	  and	  tilted	  implants”,	  “immediate	  function	  on	  4	  implants”	  and	  “axial	  and	  tilted	  implants”.	  	  
All	   articles	   reporting	  on	  earlier	  or	   simultaneous	  grafting	  procedures,	   zygoma	   implants	  and	   isolated	  







In	  total	  80	  implants	  (Brånemark,	  Nobel	  Biocare®)	  were	  installed;	  37	  of	  15	  mm,	  40	  of	  13	  mm,	  2	  of	  11,5	  
mm	  and	  1	  of	  10	  mm	  length.	  The	  diameter	  was	  4,0	  mm	  in	  42	  implants	  and	  	  3,75	  mm	  in	  38	  patients.	  Of	  
the	  20	  patients,	  14	  were	  women	  and	  6	  were	  men	  and	  the	  mean	  age	  was	  55	  years	  (range	  35-­‐74).	  Each	  
patient	  received	  4	  implants,	  of	  which	  the	  two	  distal	  implants	  were	  tilted	  between	  20	  and	  40	  degrees	  
according	  to	  the	  anatomical	  conditions	  and	  the	  two	  mesial	  implants	  were	  placed	  in	  an	  axial	  direction.	  
Nine	  maxillary	  arches	  and	  11	  mandibles	  were	   treated.	  All	   implants	  were	   installed	  according	   to	   the	  
manufacturer’s	  guidelines.	  After	  3	  years	  all	  implants	  survived.	  
All	   patients	   received	   a	   10-­‐unit	   provisional	   bridge	   the	   day	   after	   surgery	   and	   this	   was	   functionally	  
loaded	  	  at	  least	  3	  months.	  No	  complications	  such	  as	  fractures	  occurred	  during	  the	  surgical	  phase	  or	  
the	  delivery	  of	  the	  immediate	  restoration.	  The	  final	  prosthetic	  work	  was	  performed	  by	  the	  referring	  
dentist.	   After	   three	   years	   all	   structures	   were	   still	   functional	   albeit	   signs	   of	   abrasion	   and	   acrylic	  
discolorations	  were	  present.	  	  
	  
Periapical	   radiographs	  were	   available	   for	   16	   out	   of	   20	   patients	   after	   baseline,	   1	   and	   3	   years	   (20%	  
radiographic	   drop-­‐out).	   	   From	   4	   patients	   the	   radiographs	   were	   classified	   as	   unreadable	   due	   to	  
misalignment	  at	  one	  or	  more	  time	  intervals.	  Three	  implants	  from	  the	  3	  years	  recall	  were	  additionally	  
unreadable.	  Hence,	  61	  implants	  (76%	  of	  the	  material)	  were	  taken	  into	  account	  for	  statistical	  analysis	  
of	  bone	  level	  changes	  from	  baseline	  to	  1	  and	  3	  years.	  Bone	  loss	  and	  implant	  success	  are	  depicted	  in	  
Table	  1. After	  1	  year	  the	  mean	  bone	  loss	  with	  respect	  to	  baseline	  on	  implant	  level	  was	  1,13	  mm	  (SD	  
0,94;	  range	  -­‐0,1	  to	  3,8)	  and	  1,61	  mm	  (SD	  1,40;	  range	  0	  to	  5	  mm)	  after	  3	  years	  (Figure	  6.2).The	  mean	  
bone	   loss	   between	   the	   1	   and	   3	   years	   interval	   was	   0,48	   mm	   (SD	   0,66;	   range	   -­‐1,2	   to	   3,6).	   This	  
difference	  was	  statistically	  significant	  (p	  <	  0,001),	   indicative	  of	  an	  on-­‐going	  bone	  loss	  (Figure	  6.2).	  A	  
multivariate	  analysis	  (Mixed	  Models)	  to	  check	  differences	  in	  bone	  loss	  between	  implants	  in	  the	  upper	  
and	  lower	  jaw,	  and	  straight	  and	  tilted	  implants	  showed	  that	  bone	  loss	  was	  not	  significantly	  different	  
between	   implants	   placed	   in	   the	   maxilla	   or	   mandible	   (p=0.281)	   and	   between	   straight	   and	   tilted	  
implants	  (p=0.605)	  after	  3	  years	  (Table	  1,	  Figures	  6.4	  and	  6.5).	  
26%	  of	  the	  implants	  had	  bone	  loss	  above	  1.5	  mm	  after	  1	  year	  but	  after	  3	  years	  already	  30%	  of	  the	  
implants	   lost	  more	   than	   1.9	  mm.	  Hence,	   a	   large	   portion	  of	   the	   implants	   shows	   continuous	   crestal	  
bone	  loss.	  The	  radiographs	  of	  the	  worst	  and	  best	  case	  regarding	  bone	  loss	  after	  3	  years	  of	  loading	  are	  
shown	  in	  Figure	  6.3.	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Table 1: Overview of bone loss and implant success rate at 1 and 3 years interval for maxilla versus mandible and tilted 






Fig 6.2: Boxplot presenting peri-implant bone loss after 1 and 3 years. 
	  
For	  the	  maxilla	  the	  individual	  implant	  success	  after	  1	  year	  was	  56%	  and	  significantly	  lower	  (p<0.001)	  
compared	   to	   the	   mandible	   with	   90%.	   3	   years	   after	   surgery	   this	   was	   respectively	   58%	   and	   82%	  
(p<0.021).	  Again	  this	  is	  indicative	  of	  ongoing	  bone	  loss	  in	  both	  jaws	  because	  the	  used	  success	  criteria	  
allowed	  for	  an	  additional	  0.4	  mm	  loss.	  
	  
 
Fig 6.3: Worst (a) and best (b) case regarding bone loss after 3 years. 
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When	   comparing	   straight	   and	   tilted	   implants,	   no	   significant	   differences	   in	   success	   rate	   could	   be	  
observed	   at	   1	   year	   (p=0.386)	   and	   3	   years	   (p=1.000)	   follow-­‐up	   (Figure	   6.4	   and	   Figure	   6.5).	   Also,	  
multivariate	   analysis	   was	   done	   to	   check	   differences	   in	   success	   and	   this	   revealed	   no	   statistically	  










Fig 6.5: Boxplot presenting peri-implant bone loss after 1 and 3 years, comparing straight and tilted implants. 
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The	  purpose	  of	  the	   literature	  search	  was	  to	  get	  an	   idea	  of	  the	  clinical	  outcome	  as	  well	  as	  reported	  
crestal	   bone	   levels	   giving	   insight	   in	   implant	   survival	   as	  well	   as	   success	   over	   time	   and	   on	   the	   long	  
term.	  The	  outcome	  of	  this	  scrutiny	  is	  summarized	  in	  Table	  2.	  	  
In	  all	  articles	  the	  bone	  loss	  was	  measured	  either	  on	  intra-­‐oral	  radiographs	  or	  panoramic	  radiographs.	  
Only	  one	  article,	  however,	  reported	  outcomes	  after	  a	  follow-­‐up	  time	  of	  10	  years	  8,	  3	  articles	  had	  a	  5	  
years	  follow-­‐up	  29,	  30,	  33.	  The	  TiUnite	  implant	  system	  is	  most	  predominantly	  used	  with	  5523	  on	  a	  total	  
of	  6055	  reported	  implants.	   It	   is	  mostly	  placed	  with	  conventional	  flap	  surgery	  with	  mucosal	   incision.	  
Only	  two	  	  publications	  report	  on	  flapless	  guided	  surgery	  including	  crestal	  bone	  loss	  data	  after	  1	  year.	  
Only	  4	  out	  of	  19	  papers	   reported	  on	  bone	   loss	  over	  a	  3-­‐year	  period	  whereby	  one	  of	   the	  articles	  30	  
reported	   only	   9	   out	   of	   the	   133	   implants	   placed	   in	   the	   maxilla.	   There	   seems	   to	   be	   no	   significant	  
difference	   in	  bone	   loss	  around	  axial	  or	   tilted	   implants.	  The	   least	  one	  can	  say	   is	   that	   this	  extremely	  





The	  current	  study	  is	  a	  prospective	  study	  evaluating	  the	  clinical	  survival	  and	  crestal	  bone	  changes	  of	  
implants	   placed	   using	   computer-­‐guided	   surgery	   in	   conjunction	  with	   immediate	   loading.	   An	   overall	  
implant	  survival	  of	  100%	  was	  achieved	  which	  is	  in	  line	  	  with	  similar	  reports	  on	  immediate	  loading	  in	  
fully	  edentulous	  maxillae	  and	  mandibles	  7,	  8,	  11,	  19,	  34-­‐40.In	  terms	  of	  survival	  of	   implants	  and	  prosthetic	  
reconstructions	  the	  all-­‐on-­‐four	  immediate	  function	  concept	  applied	  in	  completely	  edentulous	  jaws	  is	  
predictable	  10,	  41,	  42.	  	  
	  
It	   is	   tempting	   to	   conclude	   from	   the	   existing	   literature	   that	   implant	   survivals	   with	   the	   all-­‐on-­‐four	  
concept	  are	  well	  reported	  but	  implant	  success	  based	  on	  crestal	  bone	  level	  evaluation	  is	  inconclusive	  
especially	   in	   the	   long	   run.	   In	   this	   respect,	   our	   clinical	   study	   presented	   in	   this	   paper,	   is	   the	   first	   to	  
report	   crestal	   bone	   loss	   data	   after	   3	   years	   using	   a	   flapless	   and	   stereolithographic	   guided	   surgical	  
approach.	  The	  clinical	  outcome	  of	  100%	  implant	  survival	  is	  in	  line	  with	  available	  literature.	  Agliardi	  et	  
al.10	  showed	  a	  98,4%	  survival	  in	  the	  maxilla	  and	  99,7%	  in	  the	  mandible	  after	  up	  to	  5	  years	  of	  loading.	  
In	   a	   systematic	   review43	   whereby	   470	   immediate	   rehabilitations	   were	   analysed,	   no	   differences	   in	  
terms	  of	  survival	  between	  maxillae	  and	  mandibles	  and	  tilted	  or	  straight	  implants	  in	  both	  arches	  were	  
found.	  
	  
In	  the	  present	  report,	  the	  mean	  marginal	  bone	  level	  (1.13	  mm)	  after	  one	  year	  of	  functional	  
loading	  was	  comparable	  with	  the	  values	  found	  in	  previous	  studies	  with	  the	  same	  type	  of	  	  
implants	  9,	  19.	  Although	  one	  would	  expect	  stability	  of	  crestal	  bone	  level	  after	  the	  first	  year	  of	  loading,	  
our	  data	  clearly	   show	  continuous	  crestal	  bone	   loss	  during	   the	  3	  years	   follow-­‐up.	  Between	   the	   first	  
and	  third	  year,	  49.2%	  of	  the	  implants	   lost	  more	  than	  0.4	  mm	  crestal	  bone.	  These	  low	  success	  rates	  
reported	  in	  our	  study	  are	  in	  contradiction	  with	  those	  normally	  found	  in	  literature	  with	  conventional	  
implant	  treatment	  protocols.	  However,	   in	  several	  studies	  7,	  8,	  19	  bone	  level	  description,	  giving	  insight	  
in	  implant	  success	  44	  is	  lacking.	  	  
The	   fact	   that	   some	   radiographs	   were	   “unreadable”,	   was	   mainly	   because	   of	   difficulties	   with	   the	  
correct	   positioning	   of	   the	   peri-­‐apical	   film	  holder	   in	   the	  mandible	   due	   to	   the	   interference	  with	   the	  
floor	  of	  the	  mouth.	  This	  issue	  was	  recently	  addressed	  in	  a	  review	  by	  De	  Bruyn	  et	  al.45	  who	  suggested	  
the	  use	  of	  panoramic	  radiographs	  to	  evaluate	  implants	  in	  the	  anterior	  mandible.	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Table 2: Overview of literature available concerning the marginal bone level measurements in the “ all-on-four” concept 
under immediate loading conditions up to 10 years follow-up. 
n/r	  :	  not	  reported	  
__	  :	  not	  applicable	  
A	  :	  axial	  implant	  
T	  :	  tilted	  implant	  
Fng	   :	  a	  mucoperiostal	   flap	  was	   raised	  and	   the	  provisional	  prosthesis	  or	  a	   special	  edentulous	  guide	   (designed	  by	  
Malo	  P)	  was	  used	  to	  determine	  the	  optimal	  position	  and	  angulation	  of	  each	  implant.	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The	   tilting	  of	   the	   implants	  did	  not	   seem	   to	  affect	   the	  peri	   implant	  bone	   level	  between	   the	  
mesial	  and	  distal	  side	  of	  the	  implants	  and	  compared	  to	  the	  upright	  implants.	  In	  this	  study	  the	  most	  
posterior	   implants	   were	   not	   tilted	   more	   than	   30°	   because	   previous	   studies	   showed	   that	   implant	  
placement	   at	   a	   45°	   angle	   increases	  markedly	   the	   fringe	   concentrations,	   resulting	   in	  more	   occlusal	  
overload	   and	  more	   peri-­‐implant	   bone	   loss46.	   Also,	   Almeida	   et	   al.47	   demonstrated	   in	   a	   recent	   FEA	  
study	  that	  the	  concept	  of	  2	  vertical	  and	  2	  tilted	  implants	  caused	  more	  stress	  in	  the	  bone	  compared	  to	  
4	  vertical	  implants.	  This	  could	  lead	  to	  overload	  and	  might	  explain	  the	  continuous	  bone	  loss	  that	  was	  
observed	  over	   time.	  Aparicio	   and	   coworkers14	   describe	   in	   their	   study	   a	   cumulative	   success	   rate	   of	  
95%	   for	   tilted	   implants	  and	  91%	   for	  axial	  placed	   implants	  and	  no	   significant	  difference	   in	  marginal	  
bone	   loss	   seems	   to	   be	   observed	   during	   the	   following	   years,	   up	   to	   5	   years	   follow	   up.	   Also,	   no	  
differences	  in	  bone	  loss	  between	  axial	  and	  tilted	  implants	  were	  found	  in	  other	  studies	  9,	  15,	  48,	  which	  
confirms	  the	  findings	  in	  our	  study.	  	  
	  
Since	   the	   study	   contained	   no	   control	   group,	   it	   is	   difficult	   to	   determine	   the	   effect	   of	   a	   flapless	  
procedure.	  However,	  there	  are	  several	  studies	  that	  compared	  flapless	  with	  conventional	  surgery	  and	  
they	   found	   no	   significant	   differences	   in	   bone	   loss	   between	   both	   procedures	   49,	   50.	   While	   flapless	  
surgery	  might	  reduce	  post-­‐operative	  swelling	  and	  discomfort,	  drilling	  trough	  the	  soft-­‐tissue	  results	  in	  
less	  keratinized	  tissues	  which	  might	  hamper	  esthetics	  50-­‐52.	  	  
	  
According	  to	  a	  recent	  review53,	  the	  accuracy	  of	  guided	  implant	  surgery	  in	  vivo	  ranges	  from	  0.95	  to	  4.5	  
mm	  at	   the	  apex	  of	   the	   implant.	  Consequently,	   a	   small	   deviation	   in	   the	  positioning	  of	   the	   implants	  
might	  hamper	  the	  thickness	  of	  the	  buccal	  or	  lingual	  cortical	  bone	  and	  thus	  result	  in	  additional	  bone	  
loss.	  However,	  since	  implants	  were	  placed	  without	  raising	  a	  flap,	  this	  was	  difficult	  to	  check.	  	  
	  
The	  implants	  used	  in	  this	  study	  had	  a	  macrogroove	  in	  the	  flank	  of	  the	  thread	  and	  the	  oxidized	  surface	  
treatment	  up	  to	  the	  top,	  including	  the	  implant	  collar	  (TiUnite™	  Groovy).	  This	  macrogroove	  increases	  
the	   shear	   load	  and	  adhesion	  at	   the	  bone-­‐implant	   surface	   54,	  55,	  while	   the	   roughened	   implant	   collar	  
would	  help	  to	  maintain	  the	  bone	  56.	  Li	  et	  al.57	  	  used	  the	  Groovy	  and	  non-­‐Groovy	  design	  and	  found	  no	  
difference	   in	   survival	   rate.	   Pozzi	   et	   al.58	   reported	   1.1mm	   bone	   loss	   after	   1	   year	   with	   the	  
NobelSpeedy™	   Groovy	   implant,	   which	   was	   significantly	   more	   compared	   to	   the	   NobelActive™	  
implant.	   Some	   authors	   used	   the	   different	   implant	   designs	   for	   the	   all-­‐on-­‐four	   concept,	   but	  
unfortunately,	   they	   did	   not	   analyze	   differences	   in	   bone	   loss	   between	   the	  Groovy	   and	   non-­‐Groovy	  
implants	   10.	   However,	   in	   a	   systematic	   review	   on	   the	   all-­‐on-­‐four	   concept,	   Patzelt	   et	   al.59found	   no	  
association	  between	  bone	  loss	  and	  the	  implant	  type	  used.	  	  
Studies	   have	   shown	   that	   a	   roughened	   implant	   neck,	   with	   or	   without	   a	  microthread,	   may	   help	   to	  
reduce	   peri-­‐implant	   bone	   loss	   60,	   61.	   However,	   when	   the	   implant	   surface	   is	   exposed	   to	   the	   oral	  
environment,	   it	   is	   highly	   susceptible	   to	   plaque	   adhesion	   which	   may	   lead	   to	   peri-­‐implantitis	   62-­‐64.	  
Albouy	  et	  al.65	  evaluated	  the	  progression	  of	  peri-­‐implantitis	  at	  different	   implant	  surfaces	  and	  found	  
more	   bone	   loss	   around	   the	   TiUnite™	   implants,	   thereby	   concluding	   that	   this	   surface	   is	   more	  
susceptible	  for	  peri-­‐implantitis.	  According	  to	  some	  authors66,	  67,	  TiUnite™	  implants	  demonstrate	  more	  
bone	  loss	  during	  the	  first	  year	  but	  develop	  a	  steady-­‐state	  thereafter.	  Despite	  this	  early	  bone	  loss,	  a	  
good	  long-­‐term	  clinical	  outcome	  can	  be	  obtained	  with	  this	  type	  of	  implant68.	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CONCLUSION	  
The	   implant	  and	  prosthetic	  survival	  was	  100%	  and	  patients	  were	  benefitting	   from	  the	  “all-­‐on-­‐four”	  
treatment	  concept.	  Yet,	  unacceptable	  ongoing	  bone	  loss	  may	  be	  a	  warning	  sign	  for	  future	  problems	  
and	  needs	  clinical	  attention.	  Overloading	  or	  surgical	  related	  aspects	  need	  to	  be	  further	  investigated	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A	  retrospective	  analysis	  of	  early	  and	  immediately	  loaded	  Osseotite	  
implants	  in	  cross-­‐arch	  rehabilitations	  in	  edentulous	  maxillas	  and	  
mandibles	  up	  to	  7	  years	  
Browaeys	  H,	  Defrancq	  J,	  Dierens	  MC,	  Miremadi	  R,	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ABSTRACT	  
Background:	   Immediate	   loading	   of	   full-­‐arch	   restorations	   yields	   good	   results	   in	   selected	   cases,	   but	  
long-­‐term	  follow-­‐up	  and	  the	  outcome	  in	  compromised	  bone	  are	  scarcely	  evaluated.	  
Purpose:	   To	   evaluate	   immediately	   loaded	   Osseotite	   implants	   (	   Biomet	   3i,	   Palm	   Beach,	   FL,	   USA	   )	  
installed	  in	  healed	  or	  grafted	  bone,	  with	  regard	  to	  implant	  survival	  and	  peri-­‐implant	  bone	  loss	  up	  to	  7	  
years	  in	  function.	  
Materials	   and	  Methods:	   Information	  was	   retrospectively	   retrieved	   from	   83	   patients’	   records	  with	  
749	  Osseotite	  implants	  supporting	  immediately	  loaded	  semipermanent	  full-­‐arch	  acrylic	  restorations.	  
Five	   hundred	   sixty-­‐eight	   (	   75.8%	   )	   implants	   were	   placed	   in	   healed	   bone	   and	   181	   (	   24.2%	   )	   in	  
augmented	  bone,	  regenerated	  with	  sinus	  lifting	  and/or	  onlay/inlay	  grafts	  with/without	  biomaterials	  
and	   membranes.	   Implant	   survival	   and	   success	   based	   on	   radiological	   peri-­‐implant	   bone	   loss	   were	  
registered.	  Wilcoxon	  rank	  sum	  tests	  evaluated	  peri-­‐implant	  bone	  loss	  in	  compromised	  versus	  healed	  
bone	  or	  between	  jaws	  or	  time	  intervals	  with	  p	  <	  .05	  as	  statistically	  significant.	  
Results:	   Sixteen	   of	   749	   implants	   failed	   (	   2.1%	   ),	   11/343	   in	  maxilla	   (	   3.2%	   )	   and	   5/406	   (	   1.2%	   )	   in	  
mandible.	  After	  7	  years,	  the	  cumulative	  failure	  rate	  was	  9%.	  Mean	  peri-­‐implant	  bone	  loss	  increased	  
to	  1.2	  mm	  (	  SD	  1.0	  )	  during	  the	  first	  2	  years	  but	  remained	  unchanged	  thereafter.	  Around	  implants	  in	  
grafted	  bone,	  on	  average,	  0.3	  mm	  more	  bone	  loss	  was	  found.	  
Conclusion:	   The	   Osseotite	   implants	   offer	   a	   predictable	   long-­‐term	   outcome	   in	   terms	   of	   implant	  
survival	  and	  stable	  periimplant	  bone	  under	   immediate	   loading	  even	   in	  grafted	  bone.	  However,	   the	  
high	   incidence	  of	   technical	   repair	  because	  of	   fractures	  of	   the	   semipermanent	  provisionals	   requires	  
attention	  because	  it	  may	  be	  negative	  from	  a	  cost-­‐benefit	  perspective.	  Implants	  in	  grafted	  bone	  show	  
a	  tendency	  to	  a	  more	  pronounced	   initial	  bone	  remodeling	  without	  clinical	  consequence	   in	  the	   long	  
term.	  
KEY	  WORDS:	   bone	   remodeling,	   dental	   implant,	   grafting,	   immediate	   loading,	   implant	   survival,	   one-­‐
stage	  surgery,	  Osseotite	  surface,	  posterior	  hip	  graft,	  prosthetic	  complications,	  sinus	  lift	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INTRODUCTION	  
The	  traditional	  two-­‐stage	  and	  delayed	  loading	  protocols	  are	  gradually	  replaced	  by	  immediate	  loading	  
protocols.	  Immediate	  loading	  of	  oral	  implants	  has	  been	  reported	  as	  a	  beneficial	  treatment	  option	  in	  
implant	  dentistry	  that	  increases	  the	  comfort	  of	  the	  patient.	  Besides	  less	  discomfort	  for	  the	  patient,	  a	  
gain	   of	   time,	   and	   a	   reduction	   in	   postoperative	   care,	   immediate	   loading	  has	   a	   remarkable,	   positive	  
psychological	   impact	   on	   the	   patient	   1.	   For	   patients,	   the	   immediate	   loading	   protocol	   is	   the	   first	  
treatment	  choice	  in	  fully	  edentulous	  jaws	  2.	  Several	  review	  papers	  documented	  good	  implant	  survival	  
rates	   of	   96	   to	   100%	   irrespective	   of	   the	   implant	   system	   used,	   albeit	   after	   relatively	   short	   time	  
evaluation	  3–5	  .	  Only	  two	  clinical	  studies	  available	  in	  the	  English	  literature	  have	  evaluated	  immediately	  
loaded	   implants	  up	   to	  7	  years	  and	   longer.	  Schnitman	  and	  co-­‐workers	   6	  were	   the	   first	   to	   report	  10-­‐
year	   survival	  of	  85%	   for	  machined	  surface	   implants	   initially	  used	   to	  support	  a	  provisional	  bridge	   in	  
the	  mandible.	  Unfortunately,	  they	  did	  not	  report	  on	  the	  peri-­‐implant	  bone	  loss.	  Degidi	  and	  Piattelli	  7	  
reported	  on	  93	  immediately	  loaded	  dental	  implants	  in	  seven	  full	  and	  nine	  partially	  edentulous	  arches	  
with	   a	   cumulative	   survival	   rate	   of	   93.5%	   after	   7	   years.	   The	   reported	   peri-­‐implant	   bone	   loss	   was	  	  	  	  	  	  	  	  
0.6	  mm	  after	  the	  first	  year	  and	  1.1	  mm	  at	  the	  7-­‐year	  evaluation.	  Sennerby	  and	  Gottlow	  8	  reviewed	  
prospective	   studies	   comparing	   immediate	   loading	  with	   delayed	   loading	   procedures	   and	   concluded	  
that	   various	   designs	   of	   dental	   implants	   can	  be	   loaded	   shortly	   after	   placement	   in	   both	  maxilla	   and	  
mandible.	  However,	  most	  studies	  specify	  rather	  strict	  inclusion	  criteria	  to	  avoid	  possible	  risk	  factors	  
such	   as	   soft	   bone,	   bruxism,	   and	   short	   implants.	   Additionally,	   they	   mentioned	   that	   most	   clinical	  
studies	  lack	  sufficient	  power	  and	  include	  too	  few	  cases	  and	  implants.	  	  
The	  aim	  of	  the	  present	  retrospective	  study	  was	  therefore	  to	  report	  the	  long-­‐term	  clinical	  outcome	  of	  
immediately	   loaded	   acid-­‐etched	   surface	   implants	   with	   a	   complete	   mandibular	   or	   maxillary	   fixed	  
screw-­‐retained	   bridge	   for	   a	   large	   group	   of	   implants	   and	   consecutively	   treated	   cases.	   The	   clinical	  
outcome	  is	  defined	  both	  as	   implant	  survival	  as	  well	  as	  peri-­‐implant	  bone	  loss,	  and	  this	  for	   implants	  
placed	  in	  healed	  as	  well	  as	  in	  grafted	  bone.	  	  
	  
MATERIALS	  AND	  METHODS	  
Patient	  Selection	  
All	   patients	   selected	   in	   the	   study	   were	   referred	   to	   the	   Eeuwfeest	   Clinic,	   Antwerp,	   Belgium,	   for	  
implant	  placement	  in	  an	  edentulous	  jaw.	  Patients	  were	  diagnosed	  and	  treated	  by	  one	  and	  the	  same	  
surgeon	  (	  D.J.	  ).	  The	  patients	  were	  in	  a	  good	  general	  health	  and	  able	  to	  tolerate	  a	  surgical	  procedure.	  
They	  were	  proposed	  a	  fixed,	  immediately	  functionally	  loaded,	  prosthetic	  construction	  in	  the	  lower	  or	  
upper	  jaw.	  Patients	  were	  included	  based	  on	  clinical	  examination	  and	  additional	  standard	  radiographs	  
such	  as	  orthopantomograms	  or	  computed	  tomography	  scans.	  In	  those	  patients	  who	  lacked	  sufficient	  
crestal	  bone	  height	  or	  width,	  a	  bone	  grafting	  procedure	  was	  performed	  under	  general	  anesthesia	  in	  
the	   4	   to	   6	   months	   prior	   to	   dental	   implant	   placement.	   No	   direct	   crestal	   augmentations	   were	  
performed,	   but	   sinus	   lifting	   was	   performed	   to	   allow	   implant	   placement	   in	   the	   posterior	   zones.	  
Crestal	   width	   was	   increased	   with	   corticocancellous	   bone	   plates	   fixed	   onto	   the	   crest	   with	   fixation	  
microscrews	   in	   order	   to	   cover	   all	   implants	   or,	   in	   addition,	   create	   a	   midface	   augmentation	   for	  
aesthetic	  purpose.	   In	  brief,	  the	  pre-­‐implant	  procedure	  was	  performed	  using	  different	  onlay	  or	   inlay	  
techniques	  with	  autologous	  bone	  and/or	  additional	  bone	  substitutes.	  Platelet-­‐rich	  plasma	  was	  added	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in	  the	  sinus	  lifted	  bone	  graft.	  Bone	  was	  harvested	  in	  the	  majority	  of	  the	  cases	  from	  the	  posterior	  hip	  
area	   where	   sufficient	   cortical	   and	   cancellous	   bone	   is	   available.	   This	   procedure	   has	   minimal	  
postoperative	  discomfort	  for	  the	  patients,	  and	  the	  patients	  were	  dismissed	  from	  the	  hospital	  after	  1	  
day.	  Heavy	  smokers	  and	  diabetic	  patients	  were	  not	  excluded,	  and	  the	  opposing	  dentition	  was	  natural	  
teeth,	  complete	  or	  partial	  removable	  dentures,	  or	  implant-­‐supported	  restorations.	  
Planning	  and	  Surgical	  Procedure	  
All	   implant	  surgeries	  were	  performed	  according	  to	  a	  single-­‐stage	  surgical	  protocol	  by	  one	  operator	  	  	  	  	  
(	  D.J.	  )	  under	  local	  or	  general	  anesthesia.	  None	  of	  the	  patients	  were	  premedicated	  with	  antibiotics	  or	  
sedatives	   when	   treated	   under	   local	   anesthesia.	   A	   crestal	   incision	   was	   made,	   and	   a	   full-­‐thickness	  
mucoperiosteal	  flap	  was	  raised	  prior	  to	  implant	  placement	  to	  fully	  visualize	  the	  bony	  crest.	  In	  case	  of	  
augmentation,	  the	  fixation	  microscrews	  of	  the	  grafts	  were	  removed.	  All	  implant	  sites	  were	  prepared	  
according	   to	   the	   standard	   drilling	   protocol	   with	   sterile	   saline	   irrigation.	   The	   number,	   length,	   and	  
diameter	  of	  the	  implants	  (	  Osseotite®,	  Biomet	  3i,	  Palm	  Beach,	  FL,	  USA	  )	  placed	  were	  decided	  by	  the	  
surgeon	  at	  the	  time	  of	  implant	  placement,	  depending	  on	  the	  total	  number	  of	  teeth	  needed	  and	  bone	  
condition	   appraised	   during	   implant	   surgery.	   For	   safety	   reasons,	   enough	   implants	   were	   foreseen	  
because,	   at	   the	   time	   of	   operation,	   the	   immediate	   loading	   protocol	  was	   a	   relative	   new	  procedure.	  
Implants	  had	  to	  achieve	  insertion	  torque	  values	  of	  at	  least	  15	  Ncm	  to	  be	  accepted	  as	  initially	  stable.	  
In	  case	  of	  decreased	  implant	  stability,	  the	  surgeon	  had	  the	  option	  to	  alter	  the	  drilling	  procedure	  or	  
choose	   a	   wider	   implant.	   The	   implant	   choice	   was	   dependent	   on	   the	   amount	   of	   available	   bone	  
quantity	   and	   quality,	   and	   decided	   by	   the	   surgeon	   after	   preoperative	   planning	   using	  
orthopantomograms.	  The	  bone	  status	  of	   the	   recipient	  bone	  was	  described	   in	   the	  patient’s	   records	  
and	  given	  a	  notation	  of	  dense,	  normal,	  or	  soft	  bone.	  This	  quotation	  was	  based	  on	  the	  perception	  of	  
the	  surgeon	  during	  the	  surgery	  and	  on	  the	  cutting	  force	  resistance	  during	  the	  drilling	  procedure.	  The	  
appropriate	  impression	  copings	  were	  connected	  onto	  the	  implants.	  The	  mucosal	  tissue	  was	  sutured,	  
and	   an	   impression	   was	   taken	   with	   the	   previously	   fabricated	   guiding	   denture.	   In	   some	   cases,	   the	  
existing	  denture	  was	  modified	  to	  be	  used	  as	  surgical	  guide	  and	  impression	  tray,	  and	  could	  be	  used	  for	  
occlusal	  bite	  registration	  simultaneous	  with	  implant	  placement.	  The	  procedure	  was	  similar	  to	  the	  one	  
described	  previously	  9	  .	  After	  impression	  healing,	  abutments	  were	  screwed	  on	  the	  implants,	  and	  the	  
patients	  were	  dismissed	  with	   the	   advice	   to	   rinse	  with	   a	   0.12%	   chlorhexidine	   solution	   for	   2	  weeks.	  
Postoperative	   analgesics,	   ibuprofen	   600	   mg	   or	   paracetamol	   500	   mg,	   for	   pain	   relief	   as	   well	   as	  
antibiotics,	  clindamycin	  3	  x	  300	  mg	  for	  5	  days,	  were	  prescribed.	  Sutures	  were	  removed	  4	  to	  10	  days	  
after	   surgery.	   Based	   on	   the	   guide	   denture,	   the	   provisional	   acrylic	   bridge	   was	  made	   at	   the	   dental	  
laboratory.	  The	  provisional	  acrylic	  prosthesis	  was	  made	  from	  customized	  acrylic	  teeth	  bonded	  in	  the	  
glass	   fiber	   or	   metal-­‐reinforced	   acrylic	   framework.	   The	   provisional	   prosthetic	   appliance	   could	   be	  
classified	  as	  semipermanent	  because	  the	  patients	  were	  advised	  to	  wait	  at	  least	  6	  months	  before	  final	  
prosthetics	   were	   made.	   The	   provisional	   bridge	   was	   torqued	   at	   25	   Ncm	   according	   to	   the	  
manufacturer’s	   guidelines,	   and	   occlusal	   adjustments	   were	   made	   to	   allow	   an	   even	   distribution	   of	  
loading	  on	  all	   implants.	  The	  patients	  were	  informed	  to	  attend	  the	  clinic	  in	  the	  event	  of	  technical	  or	  
medical	  complication,	  and	  were	  encouraged	  to	  participate	  in	  a	  recall	  program,	  either	  at	  the	  clinic	  or	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Clinical	  and	  Radiographic	  Follow-­‐Up	  
Implants	   reported	   as	   removed	   or	   registered	   as	  mobile	  were	   called	   failures.	   All	   others	  were	   called	  
survivals	  up	  to	   their	   last	   recall	  visit.	  Because	  not	  all	   implants	  have	  been	  followed	  during	   the	  whole	  
period,	  it	  was	  furthermore	  chosen	  to	  examine	  the	  cumulative	  failure	  rate.	  All	  radiographs	  available	  in	  
the	   patient’s	   records	   were	   analyzed	   under	   magnification	   by	   a	   calibrated	   investigator	   from	   the	  
University	   of	   Ghent,	   appointed	   as	   a	   neutral	   evaluator	   (	   R.M.	   ).	   The	   peri-­‐implant	   bone	   level	   was	  
measured	   as	   the	   distance	   from	   the	   implant–abutment	   borderline	   to	   the	   most	   coronal	   point	   of	  
contact	  between	  marginal	  bone	  and	  implant	  surface.	  The	  marginal	  bone	  level	  was	  measured	  mesially	  
and	  distally	  using	  the	  known	  distances	  from	  implant	  top	  to	  the	  respective	  threads,	  and	  using	  the	  0.6-­‐
mm	   pitch	   thread	   as	   a	   reference	   for	   calibration.	   The	   mean	   of	   both	   values	   was	   calculated	   as	   the	  
implant	   value.	   This	   was	   done	   using	   orthopantomograms	   under	   10	   times	   magnification.	   It	   was	  
decided	  to	  analyze	  peri-­‐implant,	  bone	  loss	  over	  time	  on	  implant	  level	  and	  not	  patient	  level	  because	  
implants	   within	   the	   same	   mouth	   were	   not	   always	   allocated	   to	   the	   same	   treatment	   modality.	  
Therefore,	   implants	  were	   allocated	   to	   a	   healed	   bone	   group,	  meaning	   implants	   inserted	   in	   natural	  
bone,	  and	  a	  compromised	  bone	  group,	  when	  implants	  were	  inserted	  in	  augmented	  bone	  irrespective	  
of	   the	  procedure	  used.	  Hence,	  each	   individual	   implant	  was	  analyzed	   for	  bone	   level	   changes.	  Given	  
the	  retrospective	  nature	  of	  the	  study,	  not	  all	  radiographs	  were	  taken	  at	  the	  same	  time	  after	  surgery.	  
Additionally,	   some	   implants	   had	   no	   readable	   or	   available	   baseline	   radiograph	   taken	   shortly	   after	  
surgery.	  From	  other	   implants,	   there	  was	  an	  orthopantomogram	   immediately	  after	  surgery,	  but	   the	  
follow-­‐up	  radiographic	  data	  are	  missing	  because	  the	  patient	  returned	  to	  their	  own	  dentist	  for	  follow-­‐
up.	  The	  lack	  of	  baseline	  radiographs	  in	  a	  majority	  of	  the	  implants	  is	  a	  serious	  drawback	  related	  to	  the	  
retrospective	  design	  of	  the	  study.	  Consequently,	  it	  does	  not	  allow	  bone	  loss	  calculation	  from	  time	  of	  
insertion	   to	   the	   given	   time	   interval.	   Therefore,	   mean	   bone	   levels	   were	   calculated	   using	   the	  
abutment–implant	   interface	   as	   reference	   point.	   To	   overcome	   the	   problem	   of	   non-­‐standardized	  
follow-­‐up,	   the	  bone	   loss	  at	  a	   certain	   follow-­‐up	   time	  was	  grouped	   into	   time	   intervals.	   In	  case	  more	  
than	  one	  set	  of	  measurements	  was	  available	  during	  the	  given	   interval,	   the	   longest	   time	  frame	  was	  
chosen,	  and	  the	  other	  was	  discarded	  in	  order	  to	  avoid	  double	  measurements.	  	  
Nonparametric	   Wilcoxon	   rank	   sum	   test	   was	   used	   to	   analyze	   peri-­‐implant	   bone	   level	   changes	  








Patient	  and	  Implant	  Selection	  
Clinical	  and	  radiographic	  information	  was	  retrieved	  from	  83	  patients,	  32	  women	  and	  51	  men,	  with	  a	  
mean	   age	   of	   58.2	   years	   old	   (range	   28–89).	   In	   total,	   23%	   of	   the	   patients	   reported	   that	   they	  were	  
smokers,	   although	   the	  daily	   amount	  of	   cigarettes	  was	  not	   registered.	  All	   83	  patients	  were	   treated	  
consecutively	   with	   4	   to	   10	   endosseous	   implants	   (Osseotite®,	   Biomet	   3i)	   from	   November	   1997	   to	  
October	  2003.	  
	  
In	   total,	   798	   implants	   were	   inserted.	   Implant	   length	   and	  width	   related	   to	   jaw	   location	   is	   given	   in	  




Less	  than	  6%	  of	  the	  implants	  were	  smaller	  than	  4	  mm,	  and	  7%	  were	  10	  mm	  or	  shorter.	  Of	  the	  total	  
group,	  49	  sleeping	   implants,	  27	   in	   the	  maxilla	  and	  22	   in	   the	  mandible,	  were	  not	  exposed	  and	  kept	  
unloaded	   because	   initial	   stability	   was	   doubtful.	   Hence,	   749	   implants	   (	   Osseotite®,	   Biomet	   3i	   )	  
supported	   immediately	   loaded,	  complete	  ross-­‐arch,	   fixed	  bridgework	  on	  four	  to	  nine	   implants,	  and	  
were	  analyzed	  in	  detail	  for	  implant	  survival	  and	  success.	  Three	  hundred	  forty-­‐three	  implants	  (	  46%	  )	  
were	  placed	   in	  41	  maxillae	  and	  406	   (	   54%	   )	   in	  74	  mandibles.	   The	  number	  of	   loaded	   implants	  with	  
respect	  to	  tooth	  location	  is	  given	  in	  Table	  2	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The	  average	  number	  of	  loaded	  implants	  per	  case	  was	  5.5	  in	  the	  mandible	  and	  8.4	  in	  the	  maxilla.	  One	  
hundred	  forty-­‐one	  out	  of	  749	  loaded	  implants	  (	  19%	  )	  were	  located	  in	  molar	  positions.	  
Five	  hundred	  sixty-­‐eight	  of	   the	   loaded	   implants	  were	  placed	   in	  healed	  non-­‐grafted	  bone	   (	  75.8%	   ),	  
and	  181	   implants	   (	  24.2%	   )	  were	  placed	   in	  bone	  previously	   treated	  with	  sinus	   lifts,	  onlay	  grafts,	  or	  
regenerated	  bone,	  which	  was	  augmented	  with	  autologous	  bone,	  biomaterials,	  and/or	  membranes	  in	  
an	   additional	   procedure	  4	   to	  6	  months	  prior	   to	   implant	   surgery.	   The	   frequency	  distribution	  of	   the	  
various	  surgical	  modalities	  is	  given	  in	  Table	  3.	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Because	  of	   the	  disparities	  between	  these	  surgical	  groups,	   they	  were	  combined	   in	  one	  group	  called	  
the	  compromised	  bone	  group	  to	  allow	  comparison	  with	  healed	  bone.	  	  
A	   total	   of	   70.5%	   of	   the	   implants	   were	   placed	   in	   normal	   bone,	   meaning	   that	   the	   normal	   drilling	  
protocol	  was	  used.	  In	  9.2%	  of	  the	  implant	  sites,	  all	  located	  in	  the	  mandible,	  the	  bone	  was	  dense,	  and	  
pretapping	  was	  necessary.	  A	  total	  of	  14.7%	  of	  the	  implants	  were	  placed	  in	  soft	  bone,	  and	  the	  site	  was	  
underprepared.	  From	  6%	  of	  the	  implants,	  the	  registration	  of	  bone	  quality	  was	  missing.	  	  
A	  total	  of	  9.5%	  of	  the	  implants	  were	  loaded	  at	  the	  day	  of	  surgery;	  65.0%	  was	  loaded	  within	  2	  days.	  As	  
a	   consequence,	   74.5%	   can	   be	   classified	   as	   immediate	   loading.	   Respectively,	   12.5%	   and	   13%	  were	  
loaded	  within	  3	  days	  or	  within	  10	  days,	  and	  should	  be	  regarded	  as	  early	  loaded.	  
Implant	  Failure	  
Sixteen	   implants	   were	   removed	   because	   of	   infection	   or	  mobility.	   Another	   initially	   mobile	   implant	  
became	   integrated,	  and	  was	  followed	  up	  to	  3	  years	  and	  counted	  as	  a	  survival.	  The	  absolute	  failure	  
rate	  is	  therefore	  16/749	  (	  2.1%	  ).	  Failures	  were	  encountered	  in	  11/343	  (	  3.2%	  )	  of	  maxillary	  implants	  
in	  4/41	  (	  9.8%	  )	  patients	  and	  5/406	  (	  1.2%	  )	  of	  mandibular	  implants	  in	  4/74	  (	  5.4%	  )	  patients.	  	  
Taking	  into	  account	  that	  not	  all	  implants	  are	  followed	  during	  the	  study	  period,	  the	  cumulative	  failure	  
rate	   is	   depicted	   in	   Table	   4.	   The	   clinical	   survival	   reported	   after	   7	   years,	   being	   9%,	   should	   be	  
interpreted	  with	  care	  because	  of	  the	  large	  dropout	  of	  the	  material	  after	  5	  years.	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Peri-­‐Implant	  Bone	  Loss	  
From	  339	  implants,	  peri-­‐implant	  bone	  loss	  was	  calculated	  based	  on	  radiographs	  taken	  within	  10	  days	  
after	  surgery	  	  Table	  5.	  	  
	  
Based	  on	  these	  implants,	  it	  clearly	  shows	  that	  79%	  were	  installed	  with	  the	  implant–	  abutment	  border	  
equal	  with	  the	  bone	  crest.	  Ten	  percent	  had	  the	  implant	  up	  to	  1	  mm	  above	  the	  crest,	  corresponding	  
with	  the	  non-­‐threaded	  smooth	  coronal	  part.	  The	  mean	  initial	  bone	  level	  at	  the	  time	  of	   loading	  was	  
0.26	  mm	  (	  SD	  0.40;	  range	  0–3.4	  )	  above	  the	  crest.	  
There	   was	   no	   statistically	   significant	   difference	   between	   peri-­‐implant	   bone	   loss	   measured	   on	   the	  
implants	   placed	   in	   women	   or	   men.	   The	   mean	   peri-­‐implant	   bone	   loss	   during	   the	   first	   3	   months	  	  	  	  	  	  	  	  	  	  	  	  	  	  
(	  allocated	  to	  period	  1	  )	   is	  0.64	  mm	  (	  SD	  =	  0.98;	  range	  0.0–6.1;	  n	  =	  406	  implants	  )	   in	  women	  versus	  
0.63	  mm	   (	   SD	  =	   1.01;	   range	  0.0–11.2;	   n	   =	   343	   implants	   )	   in	  men.	   Bone	   loss	   increased	   significantly	  
between	  3	  and	  6	  months	  (	  p	  <	  .001	  ),	  and	  between	  6	  and	  12	  months	  (	  p	  =	  .04	  ),	  but	  reached	  a	  steady	  
state	  thereafter	  (	  p	  >	   .05	  ).	  Statistically	  reliable	  changes	   in	  peri-­‐implant	  bone	  level	  after	  5	  years	  are	  
not	  reliable	  based	  on	  the	  current	  study	  because	  too	  few	  implants	  could	  be	  examined,	  and	  hence,	  the	  
reported	  figures	  should	  be	   interpreted	  cautiously.	  For	  this	  reason,	  analysis	  of	  subgroups	  within	  the	  
material	  was	  only	  performed	  up	  to	  4	  years.	  
Table	   6	   summarized	   the	   peri-­‐implant	   bone	   level	   values	   per	   interval	   up	   to	   4	   years	   for	   the	   total	  
material	  as	  well	  as	  for	  mandibular	  and	  maxillary	  implants.	  	  
	  
After	   4	   years,	   too	   few	   implant	   numbers	  were	   analyzed	   in	   the	   various	   groups,	   giving	   an	   unreliable	  
statistical	   power.	   Figure	   7.1	   shows	   bone	   loss	   after	   1,	   2,	   3,	   4,	   and	   5	   years	   for	   100	   implants	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
(	   irrespective	  of	   jaw,	  native,	  or	  grafted	  bone	  )	  where	  radiographic	   information	  at	  all	   time	   intervals,	  
including	  baseline	   immediately	  after	  surgery,	  was	  available	   for	  pairwise	  analysis.	  Observe	   the	   large	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range	  of	  initial	  bone	  remodeling	  during	  the	  first	  year	  of	  loading.	  A	  statistically	  significant	  peri-­‐implant	  




Figure	  7.	  1	  Changes	  in	  actual	  peri-­‐implant	  bone	  loss	  from	  baseline	  (after	  surgery).	  One	  hundred	  implants	  were	  selected	  on	  
the	  availability	  of	  readable	  radiographs	  at	  all	  reported	  time	  intervals.	  The	  distribution	  of	  data	  is	  shown	  in	  25%	  percentiles	  
and	  the	  median.	  Statistically	  significant	  changes	  are	  found	  for	  baseline	  to	  1	  year	  and	  1	  to	  2	  years,	  but	  no	  further	  changes	  
occurred	  later	  (Kruskal-­‐Wallis	  test	  and	  Wilcoxon	  signed	  rank	  stest.	  
	  
In	   the	   maxilla,	   bone	   loss	   was	   on	   average	   0.3	   mm	   more	   pronounced	   than	   in	   the	   mandible	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
(	  see	  Table	  6	  ).	  The	  cumulative	  percentage	  of	  implants	  and	  the	  corresponding	  peri-­‐implant	  bone	  loss	  
after	  1	  year	  in	  relation	  to	  the	  jaw	  is	  shown	  in	  Figure	  7.2	  and	  demonstrates	  this	  difference.	  More	  than	  
60%	  of	   the	   implants	   have	   peri-­‐implant	   bone	   loss	   below	  1.5	  mm,	   the	   latter	   being	   the	   first	   implant	  
thread.	  A	  detailed	  analysis	  of	  the	  peri-­‐implant	  loss	  in	  the	  maxilla	  shows	  that	  this	  overall	  higher	  bone	  
loss	  is	  largely	  explained	  by	  the	  substantial	  number	  of	  implants	  installed	  in	  compromised	  bone.	  Fifty-­‐
two	   percent	   of	   the	  maxillary	   implants	   are	   installed	   in	   grafted	   bone.	   Table	   7	   gives	   the	   bone	   level	  
values	  only	  for	  the	  maxillary	  implants,	  split	  up	  in	  healed	  and	  compromised	  bone.	  In	  the	  latter	  group,	  
no	  distinction	  was	  made	  between	  the	  grafting	  procedures	  used.	  At	  baseline,	  there	  was	  no	  significant	  
difference	  between	  the	  mean	  bone	  level	  in	  healed	  versus	  compromised	  bone	  (p	  =	  .904).	  However,	  on	  
average,	   0.4	   to	  0.8	  mm	  more	  bone	   loss	  was	   seen	  at	   the	  1	   to	  4	   years	   interval	   in	   the	   compromised	  
bone.	   Statistically	   higher	   bone	   loss	   was	   observed	   in	   the	   compromised	   bone	   group	   up	   to	   4	   years.	  
Figure	   7.3	   visualizes	   this	   difference	   after	   1	   year	   for	   the	   total	   material	   (combined	   maxilla	   and	  
mandible).	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The	  present	  study	  reports	  on	  the	  implant	  survival	  and	  peri-­‐implant	  bone	  loss	  of	  implants	  subjected	  to	  
immediate	  loading	  or	  loading	  within	  3	  to	  10	  days	  after	  surgery.	  These	  later	  time	  points	  do	  not	  exactly	  
fall	  within	  the	  2-­‐day	  period	  classified	  as	  immediate	  loading.	  The	  intention	  to	  treat	  was	  clearly	  to	  have	  
immediate	   loading;	   however,	   practical	   problems	   related	   to	   opening	   hours	   of	   the	   clinic,	   patients’	  
desire	   to	   combine	  prosthetic	   loading	  with	   suture	   removal,	  or	   technical	   aspects	   forced	  us	   to	   follow	  
this	   approach.	   Despite	   this,	   the	   remaining	   25.5%	   are	   indeed	   semantically	   early	   loaded;	   it	   seems	  
justified	  to	  classify	  this	  study	  predominantly	  as	  an	  immediate	  loading	  study,	  and	  given	  the	  short	  time	  
frame,	   the	  whole	  material	  was	  considered	   irrespective	  of	   the	  exact	   loading	   time.	  The	  clinical	  cases	  
were	  treated	  in	  an	  era	  where	  this	  treatment	  protocol	  was	  innovative	  and	  only	  considered	  applicable	  
in	   cross-­‐arch	   rehabilitations	   supported	   by	   a	   sufficient	   number	   of	   implants.	   The	   present	   study	  
furthermore	   overcomes	   the	   problem	   of	   stringent	   selection	   of	   treatment	   indication	   often	  
encountered	   in	   clinical	   prospective	   trials	   8.	   There	   were	   no	   specific	   exclusion	   criteria,	   and	   all	  
consecutively	   included	   cases	  were	   reported,	   among	   them	  23%	   smokers	   and	   3%	  diabetes	   patients.	  
Nearly	   20%	   of	   the	   implants	   were	   inserted	   in	   posterior	   molar	   areas,	   and	   24%	   were	   placed	   in	  
previously	   grafted	   bone,	   all	   in	   the	   maxilla.	   The	   disadvantage	   of	   this	   approach	   is	   clearly	   the	  
retrospective	  nature	  of	  the	  study.	  However,	  sufficient	  cases	  are	  followed	  over	  a	  long-­‐term	  period.	  To	  
our	  knowledge,	  this	  study	  is	  the	  first	  to	  analyze	  such	  a	  large	  group	  of	  cases	  treated	  by	  one	  surgeon	  
with	  the	  same	  implant	  system	  and	  above	  5	  years	  of	  follow-­‐up.	  	  
With	   a	   2.1%	   absolute	   failure	   rate	   and	   9.1%	   cumulative	   failure	   rate	   after	   7	   years,	   the	   applied	  
immediate	   loading	   protocol	   yielded	   a	   similar	   outcome	   as	   with	   delayed	   loading	   procedures.	   In	   a	  
systematic	   review	   10	   it	   was	   concluded	   that	   dental	   implants	   can	   be	   immediately	   loaded	   after	   their	  
placement	   in	   selected	   patients,	   though	   not	   all	   clinicians	  may	   achieve	   optimal	   results.	   It	   has	   to	   be	  
mentioned	   that	   the	   surgeon	   has	   more	   than	   20	   years	   of	   clinical	   experience	   with	   dental	   implants,	  
which	  may	   add	   to	   the	   positive	   result.	   In	   a	   recent	   review	   paper,	   a	   high	   degree	   of	   primary	   implant	  
stability	   reflected	  by	  high	  value	  of	   insertion	  torque	  was	  described	  as	  one	  of	   the	  prerequisites	   for	  a	  
successful	   immediate/early	   loading	   procedure	   11	   .	   In	   the	   current	   patients,	   the	   torque	   values	  were	  
ranging	  between	  15	  and	  40	  Ncm,	  and	  only	  occasionally	  higher.	  Whenever	  torque	  values	  of	  below	  15	  
were	  recorded,	  the	  surgeon	  either	  removed	  the	  implant	  and	  replaced	  it	  by	  a	  wider	  one,	  or	  chooses	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another	   location	   to	  optimize	  clinical	   stability.	  The	  aspect	  of	   initial	   implant	  stability	   reflected	  by	   the	  
insertion	  torque	  has	  been	  discussed	  previously,	  and	  it	   is	  obvious	  that	  proper	  stability	  has	  shown	  to	  
be	   beneficial	   in	   immediate	   loading	   of	   fully	   edentulous	   jaws	   irrespective	   of	   the	   implant	   system	  	  	  	  	  	  	  
used	  9,12–14	  .	  
It	   is	  worthwhile	  to	  consider	  that	  the	  implant	  treatment	  protocol	  described	  in	  the	  current	  study	  was	  
developed	   in	  an	  era	  where	   immediate	   loading	  procedures	  were	  not	  considered	  as	  state	  of	   the	  art.	  
This	  may	  explain	  why	  the	  implant	  number	  was	  maximalized,	  and	  sometimes,	  sleeping	  implants	  were	  
present.	  Although	  the	  surgeon	  (	  D.J.	  )	  had	  more	  than	  20	  years	  of	  experience,	  a	  learning	  curve	  cannot	  
be	  excluded,	  especially	  in	  the	  maxilla,	  given	  the	  innovative	  treatment	  protocol	  at	  that	  time.	  
	  Another	  aspect	   that	  counts	   for	   the	  high	  survival	   is	  probably	   related	   to	   the	  surface	  modification	  of	  
the	  acid-­‐etched	  titanium	  implant	   (	  Osseotite	   )	  used.	  Hence,	  better	  results	  were	  obtained	  than	  with	  
machined	   surface	   implants,	   yielding	   an	   85%	   survival	   after	   10	   years	   6.	   The	   outcome	   is	   comparable	  
with	   the	  7-­‐year	  survival	  of	  93%	  also	  using	  surface-­‐modified	   implants	   7.	  Histomorphometric	  analysis	  
has	   proven	   that	   the	   Osseotite	   surface	   induces	   a	   high	   level	   of	   78	   to	   85%	   bone-­‐to-­‐implant	   contact	  
under	  immediate	  loading	  15.	  In	  a	  comparative	  study,	  greater	  bone-­‐to-­‐implant	  contact	  compared	  with	  
machined	  surface	  implants	  was	  shown	  and	  appears	  to	  exert	  a	  positive	  effect	  on	  the	  amount	  of	  bone	  
approaching	  the	  implant	  surface,	  and	  is	  considered	  as	  osseoconductive	  16.	  	  
Compared	  with	  other	  studies	  using	  Osseotite	   implants	   in	  two-­‐stage	  delayed	  loading	  conditions,	  the	  
outcome	   is	   somewhat	   lower	   than	   expected.	   Davarpanah	   and	   collegues	   17	   evaluated	   Osseotite	  
implants	  supporting	  short-­‐span	  bridges	  in	  various	  indications	  and	  reported	  a	  	  3-­‐year	  survival	  rate	  of	  
96%.	  After	  3	  years,	  the	  cumulative	  survival	  in	  the	  present	  study	  was	  93%,	  which	  is	  obviously	  smaller.	  
Testori	   and	   coworkers	   18	   reported	   a	   3-­‐year	   survival	   of	   99%	   of	   Osseotite	   implants	   installed	   in	   the	  
posterior	  zone	  with	  a	  one-­‐stage	  delayed	  loading	  protocol.	   It	   is	  tempting	  to	  suggest	  that	  the	  smaller	  
survival	   rate	   is	   because	   of	   a	   substantial	   number	   of	   implants	   in	   the	   present	   study	   being	   placed	   in	  
compromised	  bone	  normally	  not	  considered	  for	  immediate	  loading	  procedures	  such	  as	  grafted	  bone	  
(	  24%	  ),	  smokers	  (	  24%	  ),	  or	  posterior	  bone	  (	  14%	  )	  with	  hampered	  bone	  quality.	  
Del	  Fabbro	  and	  coworkers	  19	  systematically	  reviewed	  literature	  from	  1986	  to	  2007	  to	  determine	  the	  
survival	  rate	  of	  dental	   implants	   in	  the	  grafted	  maxillary	  sinus.	  Based	  on	  more	  than	  13,000	   implants	  
placed	   in	   over	   4,000	   patients,	   they	   calculated	   implant	   survival	   rate	   of	   88.9%	   in	   sinus	   areas	  
augmented	   with	   autogenous	   bone	   grafts,	   94.7%	   when	   combining	   	   autogenous	   bone	   with	   various	  
bone	  substitutes,	  and	  96.1%	  with	  bone	  grafts	  consisting	  of	  bone	  substitutes	  alone.	  Simultaneous	  and	  
delayed	  procedures	  displayed	   similar	   survival	   rates	  of	   92%	  and	  93%.	   In	   accordance	  with	   the	   latter	  
study,	   Cosyn	   and	   coworkers	   20	   also	   observed	   no	   significant	   difference	   in	   the	   incidence	   of	   failure	  
between	   implants	   placed	   in	   native	   and	   grafted	   bone.	   Vandeweghe	   and	   De	   Bruyn	   21	   reported	   the	  
effect	  of	  smoking	  on	  early	  bone	  remodeling	  and	  early	  implant	  failure	  around	  rough	  dental	  implants.	  
Their	   study	   concluded	   a	   threefold	   higher	   failure	   rate	   in	   smokers	   versus	   nonsmokers.	   The	   maxilla	  
appears	  to	  be	  more	  prone	  to	  bone	  loss	  compared	  with	  the	  mandible.	  So,	  although	  smokers	  are	  not	  
more	   susceptible	   to	   implant	   loss,	   more	   peri-­‐implant	   bone	   loss	   was	   observed.	   Whether	   this	  
observation	  may	  affect	  future	  biological	  complications	  remains	  to	  be	  investigated.	  	  
One	  of	  the	  difficulties	  in	  retrospective	  long-­‐term	  follow-­‐up	  is	  the	  fact	  that	  radiographs	  are	  available	  
at	   irregular,	  non-­‐standardized	   time	  points.	  Hence,	  an	  estimation	  had	   to	  be	  performed	  by	  grouping	  
the	   radiographic	   data	   in	   time	   intervals.	   Additionally,	   not	   all	   implants	   have	   a	   baseline	   radiograph	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available.	  In	  the	  current	  report,	  this	  was	  only	  the	  case	  for	  339	  of	  the	  749	  evaluated	  implants	  (	  45%	  ).	  
As	  a	  consequence,	   it	  was	   impossible	  to	  calculate	  the	  exact	  changes	   in	  peri-­‐implant	  bone	  level	  from	  
the	  day	  of	  surgery,	  but	  mean	  changes	  were	  calculated	  using	  all	  radiographs	  available	  in	  a	  given	  time	  
interval	   (	   see	   Figure	   1	   ).Additionally,	   conclusions	   on	   peri-­‐implant	   bone	   level	   changes	   after	   5	   years	  
should	   be	   interpreted	   with	   care	   given	   the	   substantial	   dropout.	   Because	   patients	   had	   implants	  
inserted	  in	  grafted	  bone	  and	  healed	  bone,	  and	  given	  the	  statistically	  significant	  differences	  between	  
compromised	   and	   healed	   bone,	   it	   was	   impossible	   to	   do	   an	   analysis	   with	   the	   patient	   as	   a	   unit.	  
Furthermore,	  analysis	  on	  the	  implant	  level	  allows	  to	  discriminate	  better	  between	  high	  losses	  and	  is	  of	  
clinical	  relevance	  whenever	  the	  prevalence	  of	  peri-­‐implantitis	  is	  discussed	  22.	  
Fractures	  of	  the	  provisional	  reconstructions	  were	  often	  reported	   in	   immediate	   loading	  studies	  with	  
implant	   failures	   as	   a	   consequence	   9,13,23,24	   .	   The	   presented	   study	   protocol	   did	   advocate	   a	   final	  
reconstruction,	  but	  the	  patients	  had	  the	  freedom	  to	  choose	  when	  and	  how	  the	  final	  prosthesis	  was	  
made.	   Hence,	   for	   practical	   and	   economical	   reasons,	   semi-­‐provisional	   acrylic	   bridges	   were	  
constructed.	  Especially	  in	  the	  maxilla,	  a	  final	  suprastructure	  is	  not	  recommended	  as	  an	  immediately	  
loaded	  solution	  given	  the	  risk	  for	  soft	  tissue	  changes	  during	  the	  first	  months	  after	  surgery.	  The	  latter	  
affects	  aesthetics	  and	  phonetics,	  and	  may	  hamper	  patient’s	  satisfaction.	   In	  the	  mandible,	  however,	  
the	  semi-­‐provisional	  often	  suffices	  for	  aesthetics	  and	  phonation.	  The	  patients	  were	  warned	  to	  attend	  
to	   the	   clinic	  whenever	   complications	   such	   as	   visible	   damage	   to	   the	   teeth	   occurred.	   Twenty	   seven	  
percent	   of	   the	   semipermanent	   reconstruction	   showed	   fractures	   of	   the	   acrylic	   teeth,	   although	   this	  
seldom	  affected	  the	  basic	  structure.	  This	  points	  to	  the	  extreme	  bite	  forces	  that	  are	  imposed	  on	  the	  
implants.	  This	  technical	  complication	  ratio	  can	  be	  considered	  high	  and	  causes	  unexpected	  chair	  time	  
and	  sometimes	  unhappy	  feelings	  and	  stress	  among	  the	  patient	  as	  well	  as	  clinician.	  One	  may	  suggest	  a	  
possibly	   higher	   risk	   for	   implant	   failures	   because	   of	   uncontrolled	   loading,	   but	   this	   was	   not	  
encountered	   in	   the	  current	  study.	  Nevertheless,	   the	   fracture	   rate	  seems	  negligible	  or	  absent	  when	  
the	  reconstructions	  are	  permanent	  13,14,25	  .	  Patients	  should	  therefore	  be	  informed	  properly	  of	  the	  risk	  
for	   complications	   when	   the	   provisionals	   are	   not	   replaced	   in	   time	   to	   avoid	   liability	   problems.	  
Additionally,	  the	  cost-­‐benefit	  calculation	  should	  be	  taken	  into	  account.	  
In	  conclusion,	  the	  acid-­‐etched	  implants	  subjected	  to	  immediate	  loading	  in	  cross-­‐arch	  rehabilitations	  
of	  both	  mandible	  and	  maxilla	  offer	  a	  predictable	  long-­‐term	  outcome	  in	  terms	  of	  implant	  survival	  and	  
stable	  periimplant	  bone.	  This	  is	  explained	  by	  several	  factors:	  (	  i	  )	  the	  good	  primary	  stability	  obtained	  
by	  modification	  of	   the	  drilling	  protocol	  and	  adapting	   the	  drill	  diameter	   to	   the	  encountered	  cutting	  
resistance	   in	   the	   recipient	   bone;	   (	   ii	   )	   a	   sufficient	   healing	   time	   after	   additional	   bone	   grafting	   or	  
regenerative	  procedures	  were	  required;	  (	  iii	  )	  an	  immediate	  cross-­‐arch	  splinting	  of	  the	  implants	  with	  
a	   rigid	   and	   provisional	   framework	   minimizing	   micro-­‐mobility;	   and	   (	   iv	   )	   an	   even	   occlusal	   load	  
distribution	   on	   a	   sufficient	   number	   of	   implants.	  Whether	   this	   semipermanent	   provisionalization	   is	  
cost	   beneficial	   in	   the	   long	   run	   remains	   to	   be	   investigated	   in	   prospective	   clinical	   trials	   with	   a	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The	  histological	  evaluation	  of	  osseointegration	  of	  
surface	  enhanced	  micro-­‐implants	  immediately	  loaded	  
in	  conjunction	  with	  sinus	  lifting	  in	  humans	  
Browaeys	  H,	  Vandeweghe	  S,	  Johansson	  CB,	  Jimbo	  R,	  Deschepper	  E,	  De	  Bruyn	  H.	  
	  
ABSTRACT	  
Objective:	   The	   aim	   was	   to	   investigate	   histomorphometrically	   whether	   or	   not	   implant	   surface	  
nanotopography	   improves	   the	   bone	   response	   under	   immediate	   loading	   simultaneous	   to	   sinus	  
grafting.	  
Materials	   and	  methods:	   Dual	   acid-­‐etched	   titanium	  microimplants	  with/without	   crystalline	   surface	  
deposition	   of	   calcium	   phosphate	   particles	   were	   placed	   in	   bilateral	   sinuslift	   areas	   grafted	   with	   a	  
mixture	  of	  iliac	  crest	  bone	  and	  BioOss.	  Surface	  topography	  of	  microimplants	  was	  characterized	  using	  
interferometry.	  Loaded	  microimplants	  (	  MsL	  )	  were	  immobilized	  in	  a	  provisional	  bridge	  supported	  by	  
four	  normal	  size	   implants.	  Some	  patients	  had	  unloaded	  microimplants	  as	  controls	  (	  MsU	  ).	  Biopsies	  
were	  trephined	  after	  2	  or	  4	  months	  and	  histomorphometric	  analysis	  of	  bone	  area	  (	  BA	  )	  and	  bone-­‐to-­‐
implant	   contact	   (	   BC	   )	  was	   performed.	   Nonparametric	  methods	   for	   dependent	   data	  were	   used	   to	  
compare	  effect	  of	  surface	  modification,	  and	  healing	  time	  (	  2	  vs.	  4	  months	  ).	  
Results:	  A	  total	  of	  53	  biopsies	  were	  available	  from	  13	  patients.	  A	  total	  of	  4/28	  and	  1/11	  MsL	  failed	  
after	  resp.	  2	  and	  4	  months	  vs.	  0/6	  and	  1/5	  MsU.	  Many	  loaded	  biopsies	  were	  damaged	  at	  the	  apical	  
portion	   and	   showed	   no	   bone	   adhesion.	  MsL	   decreased	   in	   BA	   from	   coronal	   to	   apical	   from	   2	   to	   4	  
months;	  Coronal	  >	  Middle	  (	  P	  =	  0.047	  ),	  Coronal	  >	  Apical	  (	  P	  <	  0.001	  )	  and	  Middle	  >	  Apical	  (	  P	  <	  0.001).	  
This	  gradual	  decrease	  was	  not	  observed	  for	  BC;	  Coronal	  <	  Middle	  and	  Middle	  >	  Apical	  (	  P	  <	  0.001	  ).	  
Only	   the	   middle	   part	   showed	   significant	   bone	   contact	   after	   2	   months.	   For	   MsL	   there	   was	   no	  
statistically	   significant	   difference	   between	   surface	   or	   time	   indicating	   that	   improvement	   of	  
osseointegration	   over	   time	   due	   to	  maturation	   of	   the	   graft	   was	   poor.	   The	  MsU	   did	   not	   show	   any	  
difference	  between	  Osseotite	  and	  Nanotite	  for	  BIC	  and	  BA	  (	  P	  >	  0.05	  )	  but	  doubled	  both	  their	  BA	  and	  
BIC	  (	  P	  <	  0.05	  )	  between	  2	  and	  4	  months.	  
Conclusions:	   Osseointegration	   in	   sinus-­‐grafted	   bone	   mixed	   with	   BioOss	   was	   poor	   irrespective	   of	  
healing	   time	   or	   nanotopographical	   surface	   modification.	   The	   apex	   of	   MsL	   showed	   minimal	   bone	  
contact	  suggesting	  that	  the	  graft	  does	  not	  add	  to	  the	  loading	  capacity.	  Surface	  enhancement	  was	  not	  
beneficial	   despite	   the	   enlarged	   surface	   area.	   Overloading,	   most	   critical	   coronally	   of	   an	   implant,	  
increases	  risks	  for	   implant	  failure	  and	   jeopardizes	  bone	  healing	  especially	  under	   immediate	   loading	  
conditions	  with	  high	  load.	  
KEY	   WORDS:	   histomorphometry,	   immediate	   loading,	   sinus	   floor	   elevation,	   sinuslifting,	   surface	  
modification,	  titanium	  implant	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INTRODUCTION	  
Osseointegrated	   implants	   have	   been	   proven	   to	   have	   both	   reliable	   short-­‐	   and	   long-­‐term	   clinical	  
outcomes	   (	   Attard	   &	   Zarb	   2004;	   Jemt	   2008;	   Bergenblock	   et	   al.	   2010	   ).	   In	   the	   posterior	   maxilla,	  
however,	   adequate	   bone	   volume	   may	   lack	   due	   to	   post-­‐extraction	   alveolar	   crest	   resorption	   and	  
pneumatization	  of	  the	  sinus	  (	  Sbordone	  et	  al.	  2009	  ).	  Especially	  in	  longstanding	  edentulous	  patients	  
or	  in	  case	  of	  edentulism	  due	  to	  untreated	  periodontal	  disease,	  there	  is	  a	  need	  to	  augment	  the	  bone	  
volume	   to	   allow	   implant	   installation	   and	   fixed	   oral	   rehabilitation	   (	   Kocher	   et	   al.	   2000	   ).	   Today,	  
maxillary	   sinus	   grafting	   is	   considered	   to	   be	   a	   reliable	   surgical	   procedure	   to	   increase	   alveolar	   bone	  
height	   in	  the	  sinus	  for	   implant	  treatment.	  Studies	  report	  an	  average	  implant	  survival	  rate	  of	  91.8%,	  
ranging	   from	   61.7%	   to	   100%,	   and	   the	   outcome	   may	   be	   affected	   by	   surgical	   technique,	   time	   of	  
implant	  placement,	   graft	  material,	   and	  different	   implant	   surface	   characteristics	   (	  Wallace	  &	  Froum	  
2003	  ).	  Depending	  on	  the	  residual	  bone	  volume,	  and	  thus,	  the	  possibility	  to	  achieve	  primary	  stability,	  
implants	   can	   be	   installed	   simultaneously	   or	   during	   re-­‐entry	   after	   healing.	   Both	   approaches	   have	  
shown	   to	   present	   comparable	   and	   predictable	   outcome,	   when	   adequate	   primary	   stability	   was	  
achieved	  (	  Jensen	  et	  al.	  1998;	  Wallace	  &	  Froum	  2003;	  Del	  Fabbro	  et	  al.	  2004	  ).	  	  
Autogenous	   bone	   has	   long	   been	   the	   “golden	   standard”	   as	   graft	   material,	   due	   to	   its	   excellent	  
osteoconductivity.	  However,	  due	   to	   its	  high	   resorption	   rate,	   the	  addition	  of	  allogeneic	  or	   synthetic	  
bone	  substitutes	  may	  be	  beneficial	  especially	   in	  the	  sinus,	  because	  the	  relatively	  slow	  resorption	  of	  
the	  material	  seems	  to	  contribute	  in	  space	  making,	  which	  is	  essential	  for	  the	  success	  of	  sinus	  grafting	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
(	  Browaeys	  et	  al.	  2007	  ).	  
With	   regard	   to	   surface	   topography,	   several	   studies	   have	   reported	   an	   improved	   survival	   rate	   for	  
moderately	  rough	  implants,	  especially	  in	  demanding	  conditions	  such	  as	  poor	  quality	  bone	  (	  Khang	  et	  
al.	  2001;	  Stach	  &	  Kohles	  2003;	  Al-­‐Nawas	  et	  al.	  2007	  ).	  In	  fact,	  when	  placed	  in	  sites	  such	  as	  the	  grafted	  
sinus,	   these	   surface	  modified	   implants	   presented	  higher	   success	   compared	   to	   the	   turned	   implants	  
(Wallace	   &	   Froum	   2003;	   Del	   Fabbro	   et	   al.	   2004,	   2008	   ).	   Furthermore,	   the	   introduction	   of	  
nanotechnology	  to	  implant	  surfaces	  has	  enhanced	  the	  osteoconductivity	  of	  the	  implant	  (	  Jimbo	  et	  al.	  
2011	  ),	  and	  many	  of	   the	   implant	  manufacturers	  claim	  that	   their	   implants	  possess	  nanotopography.	  
Clinical	  studies,	  although	  still	  limited	  in	  numbers	  and	  in	  follow-­‐up	  time,	  indicate	  that	  the	  effect	  of	  the	  
nanostructured	   implants	   may	   be	   beneficial	   for	   higher	   success	   (	   Ostman	   et	   al.	   2010;	   Mertens	   &	  
Steveling	  2011	  ).	  	  
Immediate	  loading	  has	  shown	  to	  present	  comparable	  outcome	  as	  delayed	  loading	  (	  Chiapasco	  et	  al.	  
2001;	   Cannizzaro	   &	   Leone	   2003;	   Romanos	   &	   Nentwig	   2006;	   Stephan	   et	   al.	   2007;	   De	   Bruyn	   et	   al.	  
2008)	  but	  has	  only	  been	  evaluated	  in	  sites	  with	  adequate	  bone	  volume.	  Studies	  prove	  that	  the	  usage	  
of	  surface	  modified	   implants	  has	   increased	  the	  success	  of	   immediate	   loading	   (	  Collaert	  et	  al.	  2011;	  
Mertens	  &	  Steveling	  2011	  ).	  Theoretically,	  the	  “bioactive”	  topographical	  feature,	  which	  enhances	  the	  
initial	  osseointegration	  cascade,	  should	  enhance	  implant	  success	  (	  Wennerberg	  &	  Albrektsson	  2010	  ).	  
Hence,	   it	   is	   of	   great	   interest	   to	   investigate	   if	   such	   nano-­‐modification	   can	   even	   improve	  
osseointegration	  in	  compromised	  surgical	  sites	  as	  the	  grafted	  sinus.	  	  
Therefore,	   the	  aim	  of	   the	  present	  study	  was	   to	  clinically	  and	  histologically	   investigate	   the	  effect	  of	  
different	   surface	   structured	   implants	   for	   immediate	   loading	   in	   the	   simultaneously	   grafted	   sinus.	  
More	  specifically,	   the	  purpose	  was:	   (	   i	   )	   to	  evaluate	  histomorphometrically	   the	  osseointegration	  of	  
microimplants	  with	  a	  dual	  acid-­‐etched	  titanium	  surface	  with	  or	  without	  a	  discrete	  crystalline	  surface	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deposition	  of	  calcium	  phosphate	  particles	   implants	   (	  Nanotite	  or	  Osseotite	  surface;	  Biomet3i,	  Palm	  
Beach,	  FL,	  USA	  );	  (	  ii	  )	  to	  study	  the	  effect	  of	  loading	  time	  on	  osseointegration	  (	  2	  vs.	  4	  months	  )	  and	  	  	  	  	  
(	   iii	  )	  to	  compare	  the	  outcome	  of	  loaded	  implants	  with	  unloaded	  controls.	  The	  project	  was	  ethically	  
approved	  by	  the	  University	  Hospital’s	  ethics	  committee	  and	  has	  been	  registered	  at	  ClinicalTrials.gov	  
under	  number	  NCT00318487.	  All	  patients	  gave	  written	  informed	  consent.	  
	  
Material	  and	  methods	  
Patient	  selection	  
Patients	   consulting	   the	   Ghent	   University	   Hospital	   for	   implant	   treatment	   in	   the	   edentulous	  maxilla	  
were	  proposed	  to	  participate	   in	   the	  study	  when	  the	  orthopantomogram	  revealed	  the	  necessity	   for	  
inlay	   bone	   grafting	   in	   the	   posterior	   area	   by	   means	   of	   a	   sinus	   floor	   elevation.	   Smokers,	   diabetes	  
patients	   or	   patients	   showing	   signs	   of	   alcohol	   abuse,	   history	   of	   radiation	   therapy,	   patients	   using	  
medication	   for	   cancer	   prevention	   or	   patients	   with	   irregular	   compliance	   with	   dental	   care	   or	  
maintenance	  were	  excluded.	  After	  preliminary	  inclusion,	  a	  CT	  scan	  analysis	  was	  performed	  to	  assure	  
that	  the	  minimal	  cortical	  bone	  thickness	  above	  the	  sinus	  was	  approximately	  4	  mm.	  This	  was	  deemed	  
necessary	   for	   the	   initial	   stability	   of	   the	  microimplants.	   Patients	   requiring	   onlay	   bone	   grafts	   in	   the	  
anterior	  region	  because	  bone	  volume	  was	   inadequate	  for	  placement	  of	  normal	  size	   implants	  or	   for	  
aesthetical	   reasons	   were	   excluded.	   In	   brief,	   the	   included	   patients	   can	   be	   categorized	   as	   having	   a	  
critical	  bone	  condition	  in	  the	  posterior	  zone	  (	  Cawood	  and	  Howell	  Class	   IV	  to	  V	  ),	  but	  enough	  bone	  
volume	  for	  regular	  implant	  placement	  in	  the	  anterior	  (	  premolar	  to	  premolar	  )	  zone.	  Prior	  to	  surgery,	  
the	  remaining	  natural	  teeth	  were	  subjected	  to	  a	  periodontal	  examination	  and	  treatment	  followed	  by	  
professional	  maintenance.	  Presurgical	  planning	  and	  provisionalization	  was	  performed	  as	  previously	  
described	  (	  Collaert	  &	  De	  Bruyn	  2008	  ).	  
Microimplant	  surface	  preparation	  and	  characterization	  
The	  microimplant	  consisted	  of	  a	  threaded	  part	  designed	  to	  be	   installed	   in	  a	  self-­‐tapping	  manner	  to	  
enhance	  initial	  stability	  and	  was	  13	  mm	  long	  with	  a	  pitch	  thread	  of	  800	  μm.	  The	  transmucosal	  part	  is	  
3.5	  mm	  wide	  and	  contains	  an	   internal	   screw	  thread	  allowing	   fixation	  of	  a	   titanium	  bridge	  cylinder.	  
The	   vertical	   parallel	  wall	   of	   the	   transmucosal	   part	   acted	   as	   a	   direction	   guide	   for	   the	   trephine	   drill	  
having	   a	   3.5-­‐mm	   internal	   and	   4	   mm	   external	   diameter.	   The	   internal	   part	   of	   the	   trephine	   drill	  
corresponds	  with	  the	  total	  implant	  length.	  The	  commercially	  pure	  titanium	  (	  grade	  4	  )	  microimplants	  
were	  subjected	  to	  acid	  etching	  with	  or	  without	  additional	  discrete	  deposition	  of	  calcium	  phosphate	  
particles	   in	   the	  same	  manner	  as	  commercially	  available	   implants	  under	   the	  name	  of	  Osseotite	  and	  
Nanotite	  (	  Lazzara	  et	  al.	  1999;	  Mendes	  et	  al.	  2007	  ).	  	  
Confirmation	   and	   characterization	   of	   the	   surface	   topography	   of	   the	   two	   different	   microimplants	  
were	  conducted	  using	  the	  interferometer	  (	  MicroXam;	  ADE	  Phase	  Shift,	  Inc.,	  Tucson,	  AZ,	  USA	  ).	  From	  
each	   group,	   three	   implants	  were	   randomly	   selected	   and	  measured	   at	   nine	   areas	   each	   (	   three	   top	  
areas,	  three	  thread	  valleys	  and	  three	  flank	  areas	  ).	  The	  parametric	  calculation	  was	  performed	  after	  
errors	  of	  form	  and	  waviness	  had	  been	  removed	  with	  a	  50	  x	  50	  μm	  sized	  Gaussian	  filter.	  The	  following	  
3D	  parameters	  were	  selected:	  (	   i	  )	  Sα	  (	  μm	  )	  =	  the	  arithmetic	  average	  height	  deviation	  from	  a	  mean	  
plane;	  (	  ii	  )	  Sds	  (	  μm-­‐2	  )	  =	  the	  density	  of	  summits	  and	  (	  iii	  )	  Sdr	  (	  %	  )	  =	  the	  developed	  surface	  ratio.	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Surgery	  and	  provisionalization	  
The	  procedure	  of	  bone	  grafting	  and	  sinus	  augmentation	  was	  performed	  under	  general	  anaesthesia.	  
No	  premedication	  was	  administered.	  The	  first	  step	  was	  the	  harvest	  of	  the	  autologous	  bone	  from	  the	  
internal	   tabula	  of	   the	   left	   iliacal	   crest.	  Mostly	   three	  struts	  of	   corticospongeous	  bone,	  1	  cm	  x	  2	  cm,	  
were	  harvested	  together	  with	  some	  spongeous	  cancellous	  bone.	  Haemostasis	  was	  performed	  using	  
Surgicel®	  haemostatic	  agent	  (	  Johnson	  &	  Johnson	  Medical	  Ltd,	  North	  Yorkshire,	  UK	  ).	  All	  internal	  soft	  
tissue	   layers	   were	   sutured	   using	   Vicryl	   1/0,	   Vicryl	   2/0	   and	   Vicryl	   3/0.	   The	   skin	   was	   sutured	   using	  
Ethylon	  5/0.	  Once	  this	  first	  step	  was	  finished,	  the	  local	  anaesthesia	  Xylocaïne	  1%	  with	  adrenaline	  was	  
injected	   into	  the	  vestibular	  mucosa.	  A	  crestal	   incision	  from	  molar	  to	  molar	  region	  with	  two	  vertical	  
incisions	  was	  made.	  A	  full	  thickness	  mucoperiostal	  flap	  was	  raised	  for	  exposure	  of	  the	  lateral	  wall	  of	  
the	  maxillary	  sinus.	  A	  lateral	  window	  was	  performed	  in	  an	  oval	  shape	  with	  a	  diamond	  bur.	  Carefully	  
the	  Schneiderian	  membrane	  was	  reflected	  over	  a	  height	  of	  approximately	  10	  mm.	  The	  virtual	  space	  
between	  the	  sinus	  floor	  and	  the	  membrane	  was	  filled	  with	  a	  mixture	  of	  autogenous	  bone	  and	  Bio-­‐
Oss®	   (	   Geistlich,	   Wolhusen,	   Switzerland	   )	   in	   a	   1/1	   ratio.	   If	   the	   Schneiderian	   membrane	   was	  
perforated,	  a	  Bio-­‐Guide®membrane	  (	  Geistlich	  )	  was	  used	  to	  close	  off	  the	  defect.	  After	  the	  bone	  graft	  
was	  compressed,	  one	  to	  three	  microimplants	  were	  inserted	  at	  each	  side.	  The	  number	  depended	  on	  
the	  initial	  stability	  and	  the	  availability	  of	  bone.	  The	  recipient	  cortex	  was	  only	  perforated	  with	  a	  sharp	  
guide	  drill	  and	  the	  microimplants	  were	  further	  installed	  in	  a	  selftapping	  manner.	  The	  actual	  insertion	  
torque	  or	  the	  implant	  stability	  could	  not	  be	  measured.	  As	  the	  basis	  of	  the	  transmucosal	  part	  acted	  as	  
a	   stop,	   care	  was	   taken	   not	   to	   overtorque	   the	  microimplants	   because	   the	   supporting	   crestal	   bone	  
above	   the	  Schneider	  membrane	  was	  very	   limited	   in	  height	  and	  the	   fixation	  of	   the	  middle	  or	  apical	  
third	   of	   the	  microimplant	  were	  merely	   non-­‐existing.	   A	   cover	   screw	  was	   closing	   the	   internal	   screw	  
chamber	  between	  surgery	  and	  prosthesis	  insertion	  in	  the	  unloaded	  microimplants	  (	  MsU	  ).	  	  
Simultaneous	  with	  the	  sinus	  floor	  elevation	  and	  the	  placement	  of	  the	  microimplants,	  four	  standard	  
dental	   implants	   of	   3.75–4	   mm	   width	   (	   Biomet3i	   )	   were	   inserted	   in	   the	   premaxillary	   region.	  
Subsequently	   the	  grafted	   sinus	  was	   covered	  with	  a	  Bio-­‐Guide®	  membrane	  and	   the	  mucoperiosteal	  
flap	  was	  sutured	  with	  Vicryl	  3/0.	  Final	  impression	  of	  the	  implants	  and	  microimplants	  was	  performed	  
immediately	   thereafter	   using	   a	   polyether	   material	   (	   Impregum;	   3M	   ESPE,	   St.	   Paul,	   MN,	   USA	   ).	   In	  
between	  surgery	  and	  prosthetic	  loading	  the	  implants	  were	  covered	  with	  healing	  abutments	  or	  cover	  
screws	   in	   the	   case	   of	   the	   microimplants.	   One	   to	   two	   days	   after	   surgery,	   the	   provisional,	  	  
screwretained,	   cross-­‐arch	   metal	   reinforced	   bridge	   connected	   the	   normal	   and	   functional	  
microimplants.	  Hence	   the	  microimplants	  were	   immobilized	  by	   splinting	   to	   the	   immediately	   loaded	  
regular	   implants.	   Patients	  were	   prescribed,	   antibiotics	   (	   Augmentin®	   875	  mg,	   3	   times	   daily	   for	   10	  
days;	  GlaxoSmithKline,	  London,	  UK	  )	  and	  NSAID,	  2–3	  times	  daily	   for	  1	  week	  maximum	  (	   Ibuprofen®	  
EG	  600	  mg;	  Eurogenerics,	  Brussel,	  Belgium	  ).	  Patients	  were	  given	  a	  muzzle	  ban	  for	  3	  weeks.	  Patients	  
were	  advised	  to	  rinse	  with	  chlorhexidine	  0.12%	  twice	  daily.	  
Biopsy	  taking	  and	  histology	  
The	   test	   implants	  were	   trephined	   in	  each	  quadrant	  after	  2	  and	  4	  months,	   respectively.	  The	  biopsy	  
sites	  received	  conventional	  implants,	  mostly	  of	  a	  wider	  diameter	  (	  5	  x	  15	  mm	  or	  13	  mm	  ).	  At	  the	  end	  
of	  the	  experimental	  procedure	  the	  patient	  was	  scheduled	  for	  final	  prosthetic	  treatment	  whereby	  all	  
the	  available	  implants	  were	  connected	  with	  a	  cross-­‐arch	  bridge.	  The	  current	  article	  focuses	  only	  on	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the	  histological	  outcome	  and	  the	  clinical	  results	  of	  the	  regular	  implants	  under	  immediate	  loading,	  will	  
be	  reported	  separately.	  
Sample	  preparation	  and	  histomorphometry	  
Immediately	   after	   biopsy	   taking,	   the	   specimens	   were	   fixed	   by	   immersion	   in	   formaldehyde	   4%	  
aqueous	  solution	  (	  VWR	  International,	  Radnor,	  PA,	  USA	  ).	  The	  sample	  process	  followed	  the	  internal	  
guidelines	   at	   the	   Biomaterials	   laboratories	   in	   Göteborg,	   Sweden.	   In	   brief,	   upon	   arrival	   in	   the	  
laboratories	   the	   fixative	   solution	  was	  changed	  and	  post-­‐fixed	   for	  an	  additional	  3	  days.	  At	   this	   time	  
the	  samples	  were	  thoroughly	  rinsed	  in	  tap	  water	  followed	  by	  dehydration	  in	  graded	  series	  of	  ethanol	  
(	  70%	  up	  to	  100%	  ),	  pre-­‐infiltrated	  in	  diluted	  resin	  and	  infiltrated	  in	  pure	  resin.	  The	  latter	  took	  place	  
during	  constant	  agitation	  and	  vacuum	  condition.	  Finally	   the	  samples	  were	  embedded	   in	  pure	   resin	  	  	  	  	  	  
(	  Technovit	  7200	  VLC;	  Kulzer	  GmbH,	  Hanau,	  Germany	  )	  and	  polymerized	  in	  UV	  light.	  Undecalcified	  cut	  
and	   ground	   sections	   were	   prepared	   according	   to	   the	   technique	   previously	   described	   (	   Donath	   &	  
Breuner	   1982;	   Johansson	   and	  Morberg	   1995a,	   1995b	   ).	   In	   brief,	   the	   implants	  were	   divided	   in	   the	  
longitudinal	  manner	   and	   one	   central	   section	   of	   about	   150	   μm	   thickness	   was	   prepared	   from	   each	  
biopsy.	   The	   section	   was	   further	   ground	   to	   about	   10	   μm	   using	   the	   Exakt	   sawing	   and	   grinding	  
equipment	   (	   Exakt	   Apparatebau,	   Norderstedt,	   Germany	   ).	   The	   final	   section	   was	   stained	   with	   the	  
routine	   staining	   in	   the	   laboratories,	   i.e.	   toluidine	   blue	  mixed	   in	   pyronin	   G.	   (	   This	   routine	   staining	  
allowing	  for	  a	  clear	  detection	  of	   light	  purple	  stained	  old	  bone	  and	  dark	  purple	  stained	  new	  formed	  
bone.	  Soft	  tissue	  cell	  nuclei	  are	  stained	  blue	  and	  osteoblasts	  on	  osteoid	  rims	  will	  be	  stained	  in	  various	  
blue-­‐grey	   shades.	   )	   The	   sections	   were	   qualitatively	   and	   quantitatively	   examined	   using	   a	   Leitz	  	  
ristoplan	  light	  microscope	  (	  Leitz;	  Wetzlar,	  Germany	  )	  with	  objectives	  1.6	  up	  to	  40x	  and	  a	  zoom	  up	  to	  
2.5x	   when	   needed.	   The	   microscope	   is	   connected	   to	   a	   PC	   equipped	   with	   a	   computer-­‐based	  	  
istomorphometric	  program	  allowing	  for	  “direct	  quantifications	  in	  the	  eye-­‐piece	  of	  the	  microscope”	  of	  
for	  example	  bone-­‐to-­‐implant	  contact	  (	  BC	  )	  and	  bone	  area	  (	  BA	  )	   in	  regions	  of	   interest	  which	  in	  the	  
present	  case	  were	  the	  thread	  regions.	  The	  BC	  and	  BA	  were	  calculated	  in	  all	  threads	  on	  both	  sides	  of	  
the	   implant	   and	   a	   mean	   value	   was	   presented	   for	   various	   regions	   of	   interest	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  







Fig.	   8.1.	   Survey	   picture	   of	   a	   cut	   and	   ground	   section	   of	   a	   Nanotite	  
microimplant	  inserted	  in	  spongeous	  type	  bone	  in	  the	  first	  molar	  region	  and	  
retrieved	   4	   months	   postimplantation.	   The	   various	   regions	   of	   interest	  
involved	   in	   the	   morphometrical	   part,	   i.e.	   the	   coronal-­‐,	   the	   mid	   and	   the	  
apical	   third	   are	   illustrated.	   The	   distance	   between	   the	   thread	  peaks	   is	   0.8	  
mm.	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These	   were	   divided	   into	   coronal,	   middle	   and	   apical	   third	   of	   the	   microimplants	   and	   included	   on	  
average	  10	  threads	  each.	  In	  addition	  the	  entire	  implant	  (2	  x	  15	  threads)	  or	  the	  2	  x	  10	  coronal	  threads	  
were	  calculated.	  
Statistical	  analysis	  
The	  study	  was	  intended	  as	  a	  split-­‐mouth	  study	  whereby	  both	  surfaces	  would	  be	  tested	  pair	  wise	  at	  
both	   time	   intervals	   in	   all	   patients.	   The	   distribution	   of	   the	   microimplants	   according	   to	   the	  	  
randomization	  scheme	  could	  however,	  not	  be	  maintained	  due	  to	  instability	  of	  some	  microimplants	  or	  
lack	   of	   space.	   When	   space	   was	   lacking	   it	   was	   decided	   to	   skip	   firstly	   the	   unloaded	   control	   and	  
preferably	  install	  two	  screws	  for	  loading,	  each	  of	  one	  surface.	  In	  case	  of	  multiple	  microimplants,per	  
patient	  in	  the	  same	  surface	  and	  loading	  group,	  evaluated	  at	  the	  same	  time	  point,	  the	  median	  value	  of	  
the	  multiple	  observations	  for	  each	  histomorphometric	  parameter	  was	  used	  in	  statistical	  analysis.	  
Median	  values	  and	  95%	  bias	  corrected	  and	  accelerated	  bootstrap	  confidence	  intervals	  are	  reported	  
for	   skew	  distributed	  histomorphometric	   results.	  Brunner-­‐Langer	  nonparametric	  methods	   (	  Brunner	  
et	  al.	  2002	  )	  for	  dependent	  data	  and	  Wilcoxon	  signed	  rank	  tests	  are	  applied	  to	  percentage	  of	  BA	  and	  
bone	   contact	   (	   BC	   )	   to	   compare	   surface	   modification	   of	   the	   implant	   as	   well	   as	   effect	   of	   time	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
(	   2	   months	   vs.	   4	   months	   ),	   only	   for	   loaded	   microimplants	   (	   MsL	   ).	   Topographical	   surface	  
characterization	  between	  both	  surfaces	  was	  compared	  using	  independent	  t-­‐tests.	  All	  tests	  were	  two-­‐
tailed	   and	   P	   <	   0.05	  was	   considered	   statistically	   significant.	   The	   Bonferonni	   correction	   is	   applied	   in	  
case	  of	  multiple	  testing.	  Statistical	  analyses	  were	  performed	  in	  IBM	  SPSS	  Statistics,	  version	  19	  (	  SPSS	  
Statistics,	  an	   IBM	  company,	  Chicago,	   IL,	  USA	   )	  and	   in	  R	  version	  2.13.0	   (	  R	   foundation	   for	  Statistical	  
Computing,	   Vienna,	   Austria	   ).	   The	   R-­‐library	   “nparLD_1.3”	   by	   Noguchi	   et	   al.	   (	   2011	   )	   was	   used	   to	  
perform	  the	  Brunner-­‐Langer	  nonparametric	  analysis	  of	  longitudinal	  data	  in	  factorial	  experiments.	  	  
	  
RESULTS	  
Survival	  of	  the	  microimplant	  
Thirteen	  patients	  (	  six	  women	  and	  seven	  men	  )	  participated	  in	  the	  experimental	  study.	  They	  were	  on	  
average	   48	   years	   old	   (	   range	   36–71	   )	   and	   received	   in	   total	   57	   microimplants	   and	   52	   regular	   size	  
implants.	   Of	   the	   microimplants	   46	   were	   loaded	   and	   11	   unloaded	   for	   either	   2	   or	   4	   months.	   The	  
distribution	  of	  the	  microimplants	  over	  each	  patient	  per	   loading	  condition,	   loading	  time	  and	  surface	  
characteristics	  are	  given	  in	  Table	  1.   
After	   2	   months	   of	   loading,	   in	   total	   4/22	   microimplants	   failed.	   The	   latter	   could	   not	   be	   trephined	  
because	  of	  non-­‐integration.	  In	  the	  unloaded	  control	  screws	  none	  of	  the	  six	  failed.	  After	  4	  months	  all	  
the	  24	  MsL	  survived	  but	  one	  of	  the	  five	  unloaded	  ones	  was	  not	  integrated.	  In	  total	  53	  biopsies	  were	  
available	   for	  histomorphometric	  analysis.	  A	  general	   finding	  was	   that	  many	  biopsies	  were	  damaged	  
predominantly	   at	   the	   apical	   portion	   of	   the	   microimplant	   and	   showed	   no	   bone	   adhesion.	   This	   is	  
shown	  in	  some	  biopsies	  photographed	  after	  fixation	  (	  Fig.	  8.2	  ).   
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Fig.8.	  2.	  Survey	  pictures	  showing	  incomplete	  bone	  tissue	  formation	  around	  the	  microimplants	  at	  the	  time	  of	  retrieval	  




Topographical	  surface	  characterization	  
The	  results	  of	  the	  3-­‐D	  optical	  interferometry	  measurements	  are	  presented	  in	  Table	  2	  and	  it	  is	  notable	  
that	   both	   surfaces	   are	   smooth.	   The	   average	   height	   deviation	   ±	   SD	   (Sα)	   was	   significantly	   higher	  
(P<0.001	  )	  for	  the	  Nanotite	  surface	  (	  0.42	  ±	  0.05	  )	  compared	  to	  the	  Osseotite	  surface	  (	  0.37	  ±	  0.04	  ).	  
Both	   surface	   types	   were	   considered	   smooth	   according	   to	   the	   definition	   by	   Wennerberg	   &	  
Albrektsson	  (	  2010	  ).	  Whereas	  the	  number	  of	  summits	  per	  unit	  area	  (	  Sds	   )	  presented	  no	  significant	  
differences	   between	   the	   two	   groups	   (	   Osseotite:	   155.04	   ±	   15.71;	   Nanotite:	   161.53	   ±	   11.53	   )	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(	   P	   =	   0.073).	   The	   surface	   enlargement	   percentage	   ±	   SD	   (	   Sdr	   )	   showed	   that	   the	   Nanotite	   surface	  
presented	  a	  significantly	   larger	  surface	  area	  than	  the	  Osseotite	  surface,	   respectively,	  44.20	  ±	  19.40	  
and	   31.24	   ±	   13.07	   (	   P	   =	   0.004	   ).	   The	   results	   of	   the	   surface	   topography	   analysis	   indicate	   that	   the	  




Effect	  of	  surface	  topography	  
The	  histomorphometric	   results	  and	  statistical	   comparisons	  are	   summarized	   in	  Table	  3	   for	   the	  MsL.	  
There	   was	   a	   gradual	   decrease	   in	   BA	   from	   coronal	   to	   apical	   for	   both	   surfaces	   and	   time	   points.	  	  
Logically,	   the	   implant	  has	  more	  bone	  within	   the	   threads	  at	   the	  coronal	  part	  where	  original	  cortical	  
bone	  was	  available	  for	  screw	  fixation.	  The	  apical	  portion	  was	  in	  many	  instances	  not	  showing	  bone	  or	  
the	  biopsy	  was	  damaged.	  A	  Wilcoxon	   signed	   ranks	   test	   revealed	   that	   for	  BA	  even	  after	  Bonferroni	  
correction:	  Coronal	  >	  Middle	   (	  P	  =	  0.016	   ),	  Coronal	  >	  Apical	   (	  P	  <	  0.001	   )	  and	  Middle	  >	  Apical	   (	  P	  <	  
0.001	  ).	  This	  gradual	  decrease	  from	  coronal	  to	  apical	  was	  not	  observed	  for	  the	  BC.	  Only	  the	  middle	  
third	   of	   the	   implant	   showed	   significant	   osseointegration	   after	   2	   months	   and	   a	   non-­‐statistically	  
significant	  trend	  for	  improvement	  after	  4	  months.	  A	  Wilcoxon	  signed	  ranks	  test	  revealed	  that	  for	  BC:	  
coronal	  <	  Middle	  and	  Middle	  >	  Apical	   (	  P	  <	  0.001	   ).	  There	  was	  no	  statistically	  significant	  difference	  
between	  the	  surface	  or	  the	  time.	  This	  indicates	  that	  improvement	  of	  osseointegration	  over	  time	  due	  
to	  maturation	  of	  the	  graft	  was	  poor.	  One	  could	  even	  suspect	  that	  overloading,	  an	  effect	  most	  critical	  
at	   the	   coronal	   part	   of	   a	   functioning	   implant,	   could	   be	   the	   reason	   for	   the	   lack	   of	   coronal	  	  
osseointegration.	  Signs	  ofcoronal	  bone	   loss	  are	  obvious	   in	  histological	   sections	   taken	  after	  2	  and	  4	  
months	  (	  Fig.8.3).	  For	  further	  analysis	   it	  was	  decided	  to	  calculate	  only	  the	  most	  coronal	  10	  threads	  	  	  	  	  	  
(	   coronal	   and	  middle	   third	   ).	  Fig.	   8.4	   and	  Table	   3	  point	   out	   that	   statistically	   significant	   differences	  
were	  found	  between	  both	  surfaces	  at	  both	  time	  points	  for	  BA	  (P	  =	  0.015),	  but	  not	  for	  BC	  (P	  =	  0.523).	  
The	  Nanotite	   surface	   shows	   the	   largest	   range	   and	   highest	   BA	   values	   after	   2	  months	   but	   does	   not	  
improve	  (P	  =	  0.760)	  whilst	  the	  Osseotite	  surface	  reduces	  the	  difference	  in	  the	  following	  2	  months	  (P	  
<	   0.001).	   No	   statistically	   significant	   trend	   for	   improvement	   over	   time	   could	   be	   shown	   for	   the	   BC	  
(Osseo:	  P	  =	  0.300;	  Nano:	  P	  =	  0.936).	  
	  
Effect	  of	  loading	  
Regarding	  the	  MsU,	  the	  number	  of	  samples	  in	  both	  surfaces	  or	  time	  points	  are	  insufficient	  to	  make	  
statistically	   sustained	   conclusions	   (Table	   1)	   although	   a	   difference	   between	   Osseotite	   (n	   =	   3)	   and	  
Nanotite	  (n	  =	  7)	  for	  BC	  and	  BA	  (both	  P	  >	  0.5	  Wilcoxon	  rank	  sum	  test)	  irrespective	  of	  loading	  time	  was	  
not	   obvious.	   The	   histological	   sections	   (Fig.	   5)	   from	   unloaded	   screws	   seem	   to	   show	   better	   bone	  
apposition	  compared	  to	  loaded	  ones.	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Fig.	   8.3.	   Descriptive	   undecalcified	   cut	   and	   ground	   sections	   of	   loaded	   Nanotite	   microimplants	   after	   2	   and	   4	   months	   of	  
loading.	   (a)	   At	   2	  months,	   the	   implant	   is	   encapsulated	   in	   soft	   tissue	   albeit	   very	   few	   inflammatory	   cells	   can	   be	   observed.	  
Newly	  formed	  bone	  and	  darker	  stained	  rims	  of	  bone	  cells	  can	  be	  observed	  on	  the	  possibly	  BioOss	  particels	  (lighter	  stained).	  
The	  grafted	  bone	  particles	  from	  the	  patient	  cannot	  be	  detected	  on	  this	  illustration.	  (b)	  At	  4	  months,	  it	   is	  notable	  that	  only	  
about	  50%	  of	  the	  implant	  is	  localized	  in	  tissue	  and	  thus	  poorly	  osseointegrated.	  Only	  a	  few	  regions	  illustrated	  newly	  formed	  
bone	  and	  BC	  in	  the	  threads,	  however	  in	  general,	  a	  lack	  of	  osseointegration	  is	  indicated.	  BiosOss	  particles	  can	  be	  observed	  as	  
lighter	  stained	  areas.	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Fig.	  8.4.	  (a)	  Box-­‐plot	  with	  overlaid	  dot	  plot	  showing	  the	  bone	  area	  (BA)	  in	  %	  in	  the	  upper	  10	  threads	  of	  the	  Osseotite	  (osseo)	  
and	  Nanotite	  (nano)	  surface	  after	  2	  and	  4	  months	  for	  unloaded	  (MsU)	  and	  loaded	  (MsL)	  screws;	  (b)	  box-­‐plot	  with	  overlaid	  
dot	  plot	  showing	  the	  bone-­‐implant	  contact	  (BC)	  in	  %	  in	  the	  upper	  10	  threads	  of	  the	  Osseotite	  and	  Nanotite	  surface	  at	  2	  and	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Fig.	  8.5.	  Survey	  figures	  of	  unloaded	  microimplants	  referred	  to	  as	  Nanotite,	  after	  2	  and	  4	  months	  of	  healing.	  Note	  that	  the	  
upper	  coronal	  portion	  is	  engaged	  in	  soft	  tissue	  and	  a	  similar	  encapsulation	  on	  this	  part	  can	  be	  observed	  irrespective	  of	  2-­‐	  or	  
4	  months	   follow-­‐up.	  The	  2	  months	  sample	   illustrate	  a	  more	  spongeous	  type	  bone	  compared	  to	  the	  4	  months,	   revealing	  a	  
compact/denser	  bone	  tissue	  formation.	  The	  2	  months	  sample	  in	  this	  case	  revealed	  a	  total	  mean	  BC	  value	  of	  21%	  and	  the	  4	  
months	  42%.	  The	  corresponding	  BA	  values	  were	  25%	  and	  30%	  for	  the	  2-­‐	  and	  4	  months	  respectively.	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DISCUSSION	  
The	  aim	  of	  the	  present	  histological	  study	  was	  to	  describe	  the	  microimplant	  survival	  and	  the	  degree	  of	  
osseointegration	  in	  terms	  of	  BC	  and	  bone	  fill	  (	  BA	  )	  around	  microimplants	  installed	  simultaneous	  with	  
sinus	  floor	  elevation	  and	  immediately	  loading.	  As	  previously	  shown	  implant	  survival	  is	  dependent	  on	  
the	  residual	  bone	  in	  the	  sinus	  floor	  and	  thus	  by	  primary	  stability	  (	  Jensen	  &	  Greer	  2002	  ).	  When	  the	  
sinus	  floor	  was	  7	  mm	  in	  height,	  the	  implant	  survival	  was	  100%,	  however,	  this	  decreased	  to	  29%	  when	  
the	  residual	  bone	  height	  was	  only	  3	  mm.	  Lack	  of	  primary	  stability	  may	  result	  in	  micro-­‐motion,	  leading	  
to	   fibrous	  encapsulation	   instead	  of	  bone	   formation	   (	  Ottoni	  et	  al.	  2005	   ).	   In	   the	  current	   study,	   the	  
residual	  bone	  height	  was	  approximately	  4	  mm	  and	  91.3%	  of	  the	  loaded	  micro-­‐implants	  survived.	  This	  
high	  survival	  must	  be	  interpreted	  cautiously,	  since	  the	  only	  possible	  confirmation	  of	  the	  stability	  was	  
to	   rock	   the	   implant	   between	   two	   instrument	   handles	   at	   the	   time	   of	   biopsy	   taking.	  No	   attempt	   to	  
confirm	   the	   mechanical	   stability	   using	   RFA	   or	   counter-­‐torque	   testing	   was	   conducted.	   Although	  
immediate	  loading	  is	  supported	  by	  numerous	  reports	  with	  satisfactory	  outcomes	  (	  Van	  de	  Velde	  et	  al.	  
2007;	  Collaert	  &	  De	  Bruyn	  2008;	  De	  Bruyn	  et	  al.	  2008;	  Collaert	  et	  al.	  2011	  ),	  the	  posterior	  maxilla	  is	  
more	   challenging	   because	   of	   higher	   occlusal	   forces,	   inferior	   bone	   quality,	   and	   the	   position	   of	   the	  
maxillary	   sinus	  which	  often	   compromises	   the	   available	   bone	  height	   (	   Truhlar	   et	   al.	   1997;	  Muftu	  &	  
Chapman	   1998	   ).	   Widmark	   et	   al.	   (	   2001	   )	   revealed	   a	   higher	   implant	   failure	   risk	   in	   patients	   with	  
severely	   resorbed	   grafted	   maxillae	   compared	   to	   patients	   with	   a	   good	   bone	   quantity	   and	   quality.	  
Implant	   losses	  were	  especially	  seen	  during	   the	   first	  2	  years.	  Therefore,	  enhanced	  modified	   implant	  
surfaces	  could	  be	  of	  great	  importance.	  Jensen	  &	  Sennerby	  (	  1998	  )	  were	  one	  of	  the	  first	  to	  evaluate	  
histomorphometrically	   the	  osseointegration	  process	  of	   turned	  microimplants	   installed	   in	  mature	  or	  
in	   grafted	   bone.	   Using	   a	   2-­‐stage	   approach	   with	   6–14	   months	   unloaded	   healing,	   implants	   placed	  
simultaneously	   with	   bone	   graft	   in	   sinus-­‐lifts	   showed	   a	   good	   clinical	   outcome	   in	   terms	   of	   implant	  
survival,	  however,	  the	  histological	  evaluation	  revealed	  that	  most	  of	  the	  implants	  were	  not	  in	  contact	  
with	  the	  graft	  after	  6	  months.	  Today,	  there	  is	  growing	  evidence	  that	  implants	  with	  enhanced	  surface	  
modifications	  improve	  the	  degree	  of	  BC.	  Shibli	  et	  al.	  (	  2010	  )	  found	  that	  implant	  surfaces	  treated	  with	  
bioceramic	  molecules	  enhanced	  bone	  healing,	   in	   the	  posterior	  maxilla	   after	  2	  months	  of	  unloaded	  
healing,	  compared	  to	  dual	  acid-­‐etched	  implant	  surfaces.	  Ivanoff	  and	  co-­‐workers	  found	  an	  increased	  
BC	  on	  roughened	  TiO2	  blasted	  (	  Ivanoff	  et	  al.	  2001	  )	  or	  oxidized	  (	  Ivanoff	  et	  al.	  2003	  )	  microimplants	  
compared	  to	  turned	  screws.	  They	  attributed	  this	  improved	  osseointegration	  to	  surface	  enlargement,	  
and	   increased	  surface	   roughness.	  However,	   the	   implants	  were	  placed	   in	  mature,	   fully	  healed	  bone	  
and	  a	  2-­‐stage	  surgical	  approach	  without	  functional	  loading	  was	  applied.	  Hence,	  to	  date,	  uncertainties	  
remain	   on	   whether	   the	   micro-­‐	   or	   nanotopography	   can	   affect	   osseointegration	   under	   immediate	  
dynamic	  loading	  conditions.	  The	  osseointegration	  of	  turned	  implants	  in	  bone	  grafts	  has	  been	  studied	  
in	  humans	  under	  several	  time	  and	  loading	  conditions	  by	  Sjostrom	  et	  al.	  (	  2006	  ).	  They	  revealed	  that	  
the	   placement	   of	   implants	   6	   months	   after	   placement	   of	   a	   graft	   resulted	   in	   a	   better	   outcome	  
compared	   to	   implant	   placement	   simultaneous	   with	   grafting	   supposedly	   owing	   to	   the	   initial	  
revascularization	  of	   the	  graft.	   Studies	   that	   compared	   the	  histomorphometric	  outcome	  of	  dual	   acid	  
etched	   with	   or	   without	   discrete	   deposition	   of	   nanometre-­‐scale	   calcium	   phosphate	   installed	   in	  
mature	  bone	  revealed	  that	  the	  BC	  increased	  with	  the	  modified	  surface	  (	  Goene	  et	  al.	  2007;	  Orsini	  et	  
al.	  2007	  ).	  Telleman	  et	  al.	  (	  2010	  )	  compared	  the	  two	  surfaces	  in	  microimplants	  used	  to	  fix	  iliac	  crest	  
onlay	  bone	  grafts.	  A	  part	  of	   the	   implant	  was	  as	  such	   in	  contact	  with	   the	  graft	  while	   the	  other	  part	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was	   in	  close	  contact	  with	  the	  mature	  maxillary	  bone.	  They	   found	  that	  stronger	  bone	  response	  was	  
found	  with	  the	  nanocoated	  surface	  when	  directly	  in	  contact	  with	  the	  native	  bone,	  however,	  this	  was	  
not	  observed	  in	  the	  grafted	  bone	  possibly	  due	  to	  lower	  remodelling	  process	  of	  the	  graft.	  None	  of	  the	  
available	  clinical	  studies	  used	  a	  methodology	  comparable	  to	  the	  one	  used	  in	  the	  present	  study,	  since	  
the	   implants	   were	   not	   loaded	   and	   installed	   in	   a	   2-­‐stage	   procedure.	   Sinus	   augmentation	   and	  
simultaneous	  placement	  of	  implants	  with	  a	  rough	  surface	  encourage	  bone	  engagement	  and	  increase	  
implant	   survival	   rate	   (	  Mazor	  et	   al.	   1999;	  Raghoebar	  et	   al.	   2001;	  Uribe	  et	   al.	   2005	   ).	  On	   the	  other	  
hand,	   the	   fact	   that	   the	   microimplants	   were	   loaded	   immediately	   may	   have	   resulted	   in	   excessive	  
loading	   in	  some	  cases.	  This	  may	  be	  the	  reason	  for	  the	   low	  degree	  of	  BC.	  As	  the	  stress	  of	   loading	   is	  
transferred	  to	  the	  surrounding	  bone,	  the	  stiffness	  of	  the	  graft	  material	  may	  play	  a	  role.	  Huang	  et	  al.	  	  	  	  
(	  2009	  )	  showed	  that	   increased	  graft	  stiffness,	  obtained	  by	   increased	  healing	  time,	  may	  reduce	  the	  
stress	   in	   the	   residual	   native	   bone,	   thereby	   reducing	   the	   risk	   for	   overload.	   In	   the	   current	   study,	  
however,	  the	  implants	  were	  placed	  simultaneously	  with	  the	  graft.	  In	  a	  finite	  element	  study,	  Huang	  et	  
al.	   (	   2008	   )	   evaluated	   the	   effect	   of	   immediate	   loading	   and	   surface	   roughness	   in	   combination	  with	  
sinus	  grafting.	  Although	  immediate	  loading	  increased	  the	  stress	  in	  the	  surrounding	  bone,	  the	  micro-­‐
movements	   did	   not	   exceed	   the	   150	   μm	   threshold,	   which	   is	   believed	   to	   be	   a	   prerequisite	   for	  
osseointegration	   (	   Pilliar	   et	   al.	   1986	   ).	   Although,	   the	   nanostructured	   implant	   surface	   may	   be	   a	  
potential	   factor	   for	   enhancing	   osseointegration,	   it	   is	   uncertain	  whether	   or	   not	   its	   effects	   are	   valid	  
under	  demanding	  conditions.	   Indeed,	  surface	  roughness	  to	  a	  certain	  extent	   in	  the	  micro-­‐level,	  may	  
be	  advantageous	  in	  achieving	  better	  mechanical	  interlocking	  at	  the	  bone-­‐implant	  interface,	  thereby	  
improving	  stability.	  However,	  since	  the	  aim	  of	  the	  study	  was	  to	  observe	  the	  effect	  of	  nanostructures,	  
the	   implant	   surface	   we	   used,	   did	   not	   possess	   micro-­‐roughness	   sufficient	   enough	   to	   provide	   such	  
surface	  oriented	  stability.	  Hence,	  it	  can	  be	  speculated	  that	  the	  potential	  effect	  of	  the	  nanostructure	  
could	   not	   provide	   its	   advantages	   in	   the	   current	   study,	   due	   to	   the	   micro-­‐motions	   caused	   by	  
immediate	  loading,	  which	  may	  have	  ampered	  the	  integration	  and	  bone	  formation	  in	  the	  grafted	  part.	  
This	  might	   explain	   the	   low	   BC	   and	   BA	   values,	  measured	   at	   the	   apex.	   Following	   sinus	   graft,	   apical	  
reduction	   in	   graft	   height	   is	   reported	   and	   occurs	   mainly	   during	   the	   first	   1–1.5	   years	   and	   minimal	  
thereafter	  (	  Hatano	  et	  al.	  2004;	  Zijderveld	  et	  al.	  2009	  ).	  Another	  study,	  however,	  reported	  an	  increase	  
in	  BA	  after	  the	  initial	  reduction,	  leading	  to	  re-­‐establishment	  of	  the	  original	  grafted	  volume	  (	  Tetsch	  et	  
al.	  2010	  ).	  In	  addition,	  the	  effect	  of	  sinus	  pneumatization	  must	  also	  be	  taken	  into	  consideration	  with	  
respect	   to	  the	   integration	  of	   the	  apical	  part	  of	   the	   implant.	  Peleg	  et	  al.	   (	  1999	  )	   reported	  that	  only	  
50%	   of	   the	   implants	   had	   fully	   bone	   coverage	   on	   all	   sides	   after	   9	  months	   and	   only	   35%	   had	   bone	  
coverage	  above	  the	  apex.	  Sbordone	  et	  al.	  (	  2009	  )	  reported	  that	  after	  1	  year,	  the	  implant	  apex	  was	  
situated	  equally	  or	  through	  the	  grafted	  sinus	  floor,	  depending	  on	  the	  graft	  material.	  It	  is	  of	  note	  that,	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CONCLUSION	  
This	   histomorphometric	   study	   was	   conducted	   to	   obtain	   proof-­‐of-­‐principle	   under	   challenging	  
conditions.	  One	  should	  keep	  in	  mind	  that	  the	  implant	  was	  designed	  as	  a	  histological	  research	  device	  
and	  by	  no	  means	  comparable	   to	  normal	   implants	  designed	  for	  clinical	  usage.	  The	  narrow	  diameter	  
and	  the	  large	  transmucosal	  part	  of	  the	  implant	  may	  lead	  to	  negative	  force	  distribution	  coronally	  and	  
explains	  for	  the	  coronal	  bone	  loss.	  By	  enlargement	  it	  seems	  that	  the	  effect	  of	  sinus	  lift	  on	  the	  degree	  
of	  osseointegration	  is	  poor	  regardless	  of	  the	  implant	  surface	  used	  and	  one	  should	  question	  whether	  
the	  extensive	  usage	  of	   this	   clinical	   procedure	   should	  not	  be	   revised.	  When	   it	   comes	   to	   immediate	  
loading	   in	   critical	   bone,	   overloading	  must	   be	   considered	   as	   a	   detrimental	   risk	   factor	   for	   failure	   or	  
poor	  BC.	  Despite	   the	  enhanced	  effect	  of	   currently	   available	   implant	   surfaces	  on	  bone	  healing,	   this	  
may	  be	  overruled	  when	  initial	  stability	  is	  poor,	  loading	  is	  immediate	  and	  with	  high	  force.	  Until	  more	  
clinical	  evidence	   is	  available,	   the	  clinicians	  are	  warned	   that	   implant	   installation	   in	  grafted	  area	   is	  a	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Impact	  of	  fixed	  implant	  prosthetics	  using	  the	  “all-­‐on-­‐4”	  
treatment	  concept	  on	  speech	  intelligibility,	  articulation	  and	  
oromyofunctional	  behaviour	  
Van	  Lierde	  KM,	  Browaeys	  H,	  Corthals	  P,	  Matthys	  C,	  Mussche	  P,	  Van	  Kerckhove	  E,	  De	  Bruyn	  H.	  
(Van	  Lierde	  and	  Browaeys	  contributed	  equally	  to	  this	  work)	  
	  
ABSTRACT:	  
The	  purpose	  of	  this	  case	  control	  study	  is	  to	  determine	  the	  impact	  of	  screw-­‐retained	  fixed	  cross-­‐arch	  
prostheses,	   supported	   by	   four	   osseointegrated	   implants,	   on	   articulation	   and	   oromyofunctional	  
behaviour.	   Objective	   (	   acoustic	   analysis	   )	   and	   subjective	   assessment	   techniques	   were	   used	   to	  
determine	   the	  overall	   intelligibility,	   phonetic	   characteristics	   and	  oromyofunctional	   behaviour	   at	   an	  
average	  period	  of	  7.3	  months	  after	  placement	  of	   the	   fixed	   implant	  prosthesis	   in	  15	  patients	  and	  9	  
age-­‐matched	   controls	   with	   intact	   dentition	   and	  without	   prosthetic	   appliances.	   Overall	   satisfaction	  
with	  the	  prosthesis	  was	  87%,	  but	  53%	  of	  the	  subjects	  mentioned	  an	   impact	  on	  speech.	  87%	  of	   the	  
subjects	  presented	  with	  one	  or	  more	  distortions	  of	   the	   consonants.	   The	  most	   common	  distortions	  
were	   distortions	   of	   the	   sound	   /s/	   (	   sigmatismus	   simplex,	   40%	   and	   sigmatismus	   stridens,	   33%	   ),	  
simplex	  /z/	  (	  27%	  ),	  insufficient	  frication	  of	  /R/	  (	  20%	  ),	  /a/	  (	  20%	  ),	  addental	  production	  of	  /d/	  (	  20%	  ),	  
/t/	  (	  20%	  )	  or	  /s/	  sound	  (	  13%	  )	  and	  devoiced	  /d/	  (	  7%	  ).	  In	  the	  control	  group,	  no	  articulation	  disorders	  
were	  noted.	  Oromyofunctional	  behaviour	  in	  both	  groups	  was	  normal.	  To	  what	  extent	  motor-­‐oriented	  
speech	   therapy	   (	  with	   focus	   on	   tongue	   function	   )	   immediately	   after	   periodontal	   treatment	   (	   after	  
wound	  healing	  )	  would	  decrease	  the	  persistent	  phonetic	  distortions	  is	  a	  subject	  for	  further	  research.	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INTRODUCTION	  
The	   final	   process	   in	   speech	   production	   is	   articulation;	   the	   first	   processes	   are	   phonation	   and	  
resonance.	  Articulation	  is	  the	  moulding	  of	  the	  airstream	  into	  recognizable	  speech	  sounds	  by	  several	  
structures	  in	  the	  mouth,	  the	  articulators.	  The	  most	  important	  static	  or	  immovable	  articulators	  are	  the	  
hard	  palate,	  the	  alveolar	  ridge	  and	  the	  teeth.	  The	  teeth,	  apart	  from	  serving	  a	  cosmetic	  purpose,	  also	  
play	   a	   part	   in	   the	   articulation	   of	   speech	   sounds	   in	   several	   languages,	   including	  Dutch	   and	   Flemish	  	  	  	  	  	  	  	  
(	   a	   language	   spoken	   in	   the	   northern	   part	   of	   Belgium	   ).	   Along	   with	   the	   tongue,	   they,are	   directly	  
involved	  in	  the	  production	  of	  /f/	  and	  /v/.	  They	  help	  to	  produce	  the	  frication	  in	  sounds	  such	  as	  /s/	  and	  
/z/	  as	  the	  expiration	  passes	  over	  the	  lower	  edges	  of	  the	  incisor	  teeth	  1.	  Edentulism	  is	  often	  associated	  
with	  functional	  and	  aesthetic	  burdens	  and	   is	  related	  to	  psychological	  problems	  possibly	   influencing	  
daily	  activities.	  Any	  abnormality	  of	  the	  teeth,	  a	  missing	  tooth	  or	  replacement	  of	  one	  or	  more	  teeth	  
could	  negatively	  affect	  or	   influence	  the	  production	  of	  specific	  speech	  sounds	  2	   .	  Rehabilitation	  with	  
fixed	   implant-­‐supported	   prostheses	   (	   IFP	   )	   is	   a	   reliable	   and	   successful	   treatment	   alternative	   to	  
conventional	   denture	   treatment	   on	   a	   long-­‐term	   basis	   in	   completely	   and	   partially	   edentulous	  
patients.	  The	  demand	  for	  this	  treatment	  has	  grown	  rapidly	  because	  of	  the	  increased	  expectation	  of	  a	  
good	  quality	  of	  life,	  utility	  of	  the	  teeth	  3	  and	  aesthetics	  in	  the	  middle	  aged	  and/or	  older	  population.	  In	  
daily	   clinical	   practice	   questions	   regarding	   oromyofunctional	   behaviour	   and	   especially	   speech	  
production	  after	  implantation	  occur	  on	  a	  regular	  basis	  especially	  in	  professional	  or	  elite	  professional	  
speakers,	   such	   as	   clients	   for	   whom	   even	   the	   smallest	   of	   articulation	   problems	   could	   have	   career	  
consequences	  or	  could	  hamper	  the	  practice	  of	  their	  profession.	  In	  a	  questionnaire	  study	  on	  patients	  
wearing	   removable	   full	   dentures	   in	   either	   mandible	   or	   maxilla	   it	   was	   revealed	   that	   phonetic	  
problems	  were	  the	  reason	  for	  choosing	  implant	  borne	  prosthesis	  in	  60%	  and	  46%	  of	  the	  cases	  for	  the	  
maxilla	  and	  mandible,	  respectively	  4.	  In	  a	  similar	  study	  it	  was	  shown	  that	  phonetic	  concerns	  are	  more	  
predominant	   in	   fully	   edentulous	   maxillary	   and	   mandibulary	   denture	   patients	   compared	   to	   partial	  
denture	   wearers	   5.	   Few	   studies	   have	   investigated	   the	   impact	   of	   cross-­‐arch	   fixed	   prostheses	   on	  
osseointegrated	  implants	  on	  speech	  characteristics	  and	  oro-­‐	  myofunctional	  behaviour,	  whereby	  the	  
latter	   term	   refers	   to	   functions	   of	   the	   lip	   and	   tongue	   and	   the	   functions	   of	   blowing,	   sucking	   and	  
swallowing	  6–8.	  	  A	  data	  summary	  of	  the	  literature	  is	  provided	  in	  Table	  1.	  
It	   is	   obvious	   from	   the	   available	   literature	   that	   there	   is	   a	   large	  disparity	   in	   study	  design,	   prosthetic	  
treatment,	  assessment	  techniques	  and	  time	  of	  evaluation.	  Studies	  evaluating	  the	  speech	  in	  subjects	  
with	  osseointegrated	  implants	  show	  conflicting	  results.	  Although	  Lundqvist	  et	  al.	  2	  reported	  phonetic	  
problems	   in	   66%	   of	   patients,	   especially	   for	   the	   /s/	   and	   /z/	   sounds,	   Jacobs	   et	   al.13	   found	   84%	   of	  
patients	  with	  disordered	  speech	  especially	  for	  /s/	  /z/	  /d/	  and	  /t/	  sounds.	  According	  to	  Molly	  et	  al.15	  
interdental	   phonation	   in	   the	   presurgical	   condition	   changed	   to	   addental	   articulation	   12	   months	  
postoperatively.	   Sigmatism	   stridens	   (	   the	   production	  of	   the	   /s/	   sound	   accompanied	  with	   a	  whistle	  
sound	  )	  changed	  to	  addental	  (	  the	  production	  of	  the	  /s/	  sound	  with	  the	  tongue	  tip	  against	  the	  central	  
incisors	  instead	  of	  against	  the	  upper	  alveolus	  )	  or	  interdental	  (	  the	  production	  of	  the	  /s/	  sound	  with	  
the	  tongue	  tip	  between	  the	  central	  incisors	  instead	  of	  against	  the	  upper	  alveolus	  )	  articulation	  1	  year	  
after	   implantation.	   Other	   authors	   have	   not	   observed	   this	   phenomenon.	   Comparison	   between	   the	  
studies	  listed	  in	  Table	  1	  is	  difficult,	  because	  different	  speech	  assessment	  techniques	  (	  questionnaires,	  
perceptual	   evaluation,	   acoustic	   analysis	   )	   and	   different	   speech	   samples	   (	   counting,	   words	   and	  
sentences	   )	   were	   used.	   Most	   of	   these	   lack	   a	   perceptual	   consensus	   evaluation.	   A	   perceptual	  
consensus	  evaluation	  was	  performed	  only	   in	  the	  studies	  of	  Lundqvist	  et	  al.	   2,10,11	  and	  Molly	  et	  al.	   15	  
The	  timing	  of	  assessment	  before	  and/or	  after	  implant	  prosthetic	  rehabilitation	  also	  differed,	  ranging	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from	  a	  few	  months	  14,15	  to	  many	  years	  3,7,9,12	  after	  finalizing	  the	  implant-­‐supported	  restoration.	  An	  age	  
and	  gender	  related	  control	  group	  was	  only	  used	  in	  the	  study	  by	  Jacobs	  et	  al.	  13	  The	  main	  purpose	  of	  
this	  case	  control	  group	  study	  design	   is	   to	  determine	   the	   impact	  of	   screw-­‐retained,	   fixed	  cross-­‐arch	  
prostheses,	   supported	  by	   four	   osseointegrated	   implants	   (	   known	   in	   dental	   literature	   as	   the	   all-­‐on-­‐
four	   concept	   t)	   on	   articulation	   and	   oromyofunctional	   behaviour	   in	   Flemish	   subjects	   by	   means	   of	  
subjective	  and	  objective	  assessment	  techniques	  	  (after	  an	  initial	  adaptation	  period	  of	  on	  average	  7.3	  
months	   ).	  Based	  on	  an	   in-­‐depth	  analysis	  of	  existing	   literature,	  normal	  speech	   intelligibility	  with	   the	  
presence	  of	  minor	  phonetic	  disorders	  and	   slightly	   impaired	  oromyofunctional	  behavioural	  patterns	  
are	  hypothesized.	  This	   information	  may	   lead	  to	  clinical	  guidelines	   regarding	   implant	  and	  prosthetic	  
planning	  and	  be	  useful	  to	  dentists,	  orthodontists,	  periodontists,	  oral	  surgeons	  and	  speech	  language	  
pathologists	  especially	  when	  treating	  professional	  speakers.	  
	  
MATERIALS	  AND	  METHODS	  
This	   study	   was	   approved	   by	   the	   human	   subject	   committee	   of	   the	   University	   Hospital	   of	   Gent,	  
Belgium.	  The	  subjects	  participating	  in	  this	  clinical	  investigation	  were	  all	  part	  of	  a	  prospective	  clinical	  
trial	   aiming	   to	   evaluate	   implant	   related	   treatment	   outcome.	   Twenty	   consecutively	   treated	  
participants	  (6	  males	  and	  14	  females)	  were	  studied.	  All	  patients	  complained	  of	  retention	  problems	  of	  
the	   removable	   appliance,	   loss	   of	   function	   and/	   or	   aesthetic	   appearance	   and	  were	   referred	   to	   the	  
Department	  of	  Oral	  and	  Maxillofacial	  Surgery	  of	  the	  University	  Hospital	  Gent,	  Belgium.	  At	  the	  time	  of	  
intake,	   all	   patients	   complained	   of	   pain	   and	   discomfort	   during	   eating,	   relaxing	   problems	   and	  
oromyofunctional	   dysfunction.	   All	   patients	   were	   in	   good	   health	   and	   none	   had	   a	   history	   of	   cleft	  
palate,	  craniofacial	  deformities,	  cognitive	  deficiency	  or	  neuromotor	  dysfunction.	  Nine	  patients	  were	  
edentulous	   in	   the	  maxilla,	   11	  were	   edentulous	   in	   the	  mandible.	   The	  opposite	   jaw	   could	   consist	   of	  
natural	   teeth,	   a	   removable	   prosthesis	   or	   a	   fixed	   prosthetic	   rehabilitation.	   All	   patients	   had	   to	   be	  
edentulous	   in	  the	  treated	  jaw	  for	  at	   least	  8	  weeks	  prior	  to	   implant	  surgery	  to	  allow	  for	   initial	  bone	  
remodeling	   and	   soft	   tissue	   healing	   after	   extraction	   17	   of	   the	   20	   subjects	   (	   9	  women	   and	   8	  men	   )	  
responded	   positively	   and	   agreed	   to	   participate	   to	   this	   independent	   logopaedic	   assessment.	   Two	  
patients	  were	  ill	  at	  the	  time	  of	  the	  assessments.	  All	  15	  patients	  (	  9	  men	  and	  6	  women	  )	  with	  a	  mean	  
age	   of	   48	   years	   (	   range	   43–75	   years	   )	   received	   a	   logopaedic	   assessment	   (of	   overall	   intelligibility,	  
articulation,	  oromyofunctional	  behaviour	  and	  an	  acoustic	  analysis)	  on	  average	  7.3	  months	  (	  range	  6–
8	  months	  )	  after	  rehabilitation	  with	  a	  final	  screw	  retained	  cross	  arch	  implant-­‐supported	  prosthesis	  in	  
either	  mandible	   or	  maxilla.	   This	   time	   frame	  was	   chosen	   to	   allow	   for	   initial	   adaptation	   of	   the	   new	  
appliance.	  Whenever	   a	   removable	  denture	  was	  present	   in	   the	  maxilla,	   it	   received	  a	  new	   set-­‐up	  of	  
teeth	   to	   maximize	   the	   occlusion.	   This	   was	   a	   prerequisite	   according	   to	   the	   treatment	   protocol	   to	  
spread	   the	   loading	   forces	   equally	   on	   all	   four	   implants.	   Hearing	   (	   normal	   hearing	   is	   necessary	   for	  
normal	  development	  and	  production	  of	  speech	  )	  was	  assessed	  for	  both	  ears	  separately	  at	  standard	  
audiometric	   frequencies.	   All	   participants	   had	   hearing	   thresholds	   better	   than	   20	   dB	   in	   their	   poorer	  
ear.	   No	   patients	   were	   professional	   speakers.	   For	   the	   comparison	   of	   the	   overall	   satisfaction,	   the	  
articulatory	   and	   acoustic	   characteristics	   and	   the	   oromyofunctional	   behaviour	   a	   control	   group	   of	   9	  
subjects	   with	   an	   intact	   dentition	   of	   at	   least	   28	   natural	   teeth	   (	   without	  missing	   teeth,	   implants	   or	  
removable	  prosthesis	  )	  and	  a	  mean	  age	  of	  47.6	  years	  (	  range	  22–61	  years	  )	  was	  randomly	  assembled.	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These	   control	   subjects	   were	   selected	   based	   on	   the	   following	   criteria:	   none	   of	   the	   patients	   had	   a	  
history	   of	   cleft	   palate,	   craniofacial	   deformities,	   cognitive	   deficiency	   or	   neuromotor	   dysfunction.	  
Hearing	  was	  assessed	  for	  both	  ears	  separately	  at	  standard	  audiometric	  frequencies.	  All	  participants	  
had	  hearing	  thresholds	  better	  than	  20	  dB	  in	  their	  poorer	  ear.	  A	  Mann–Whitney	  U-­‐test	  showed	  that	  
the	  mean	   chronological	   age	   of	   the	   single-­‐tooth	   implant	   subjects	   and	   the	   control	   subjects	   did	   not	  
differ	  significantly	  (	  p	  <	  0.05	  ).	  
Surgical	  and	  prosthetic	  treatment	  
Prior	   to	   surgery,	   the	   removable	   prostheses	   were	   adapted	   for	   computed	   tomography	   (	   CT	   )	  
radiographic	   examination	   allowing	   virtual	   planning	   of	   the	   ideal	   implant	   location.	   Using	   the	   Nobel	  
Guide	   planning	   system	   (	   Nobel,	   Biocare,	   Göteborg,	   Sweden	   ).	   Stereolithic	   guide	   plates	   were	  
constructed	   for	   flapless	  guided	  surgery	  whereby	  4	   implants	  were	   installed	  according	   to	   the	   ‘all-­‐on-­‐
four’	  treatment	  concept	  16.	  Surgery	  was	  performed	  under	  local	  anaesthesia	  and	  all	  patients	  received	  
4	  implants	  in	  the	  maxilla	  or	  mandible.	  The	  most	  anterior	  implants	  are	  located	  both	  at	  the	  position	  of	  
the	  second	  incisor	  and	  perpendicular	  into	  the	  alveolar	  crest.	  The	  two	  posterior	  implants	  are	  directed	  
under	   30	   degree	   angulation	   to	   avoid	   the	   sinus	   in	   the	   maxilla	   and	   the	   mandibular	   nerve	   in	   the	  
mandible.	  The	  two	  latter	  implants	  have	  their	  screw	  access	  holes	  at	  the	  second	  bicuspid.	  Implants	  are	  
placed	  without	  mucoperiosteal	   elevation,	   known	  as	   flapless	   surgery,	   based	  on	   the	   virtual	   planning	  
and	  with	  the	  guide	  plate	  firmly	  attached	  to	  the	  bone	  with	  fixation	  pins	  (	  Fig.	  9.1	  ).	  
	  
	  
Fig.	  9.1.	  Radiographic	  image	  of	  a	  cross-­‐arch	  fixed	  prosthesis	  in	  the	  maxilla	  and	  mandible.	  
	  
After	   implant	   installation,	   the	   guide	   plate	  was	   disconnected	   and	   the	   conical	  multi-­‐unit	   abutments	  
were	  connected	  on	  the	  anterior	   implants	  and	  angulated	  abutments	  were	   installed	  on	  the	  posterior	  
implants	   to	   correct	   for	   the	   angulation	   discrepancy.	   A	   transfer	   model,	   obtained	   after	   impression,	  
allowed	   the	   dental	   technician	   to	   modify	   the	   denture	   into	   a	   provisional	   screw-­‐retained	   bridge	   by	  
chemically	  bond	  provisional	  titanium	  cylinders	  into	  the	  acryl	  denture.	  The	  latter	  was	  reinforced	  with	  
a	  glass-­‐fibre	  or	  metal	  reinforcement	  to	  avoid	  fractures	  under	  loading.	  Given	  the	  most	  distal	  implant	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was	  positioned	  at	   the	  second	  premolar	   the	  provisional	  bridge	  contained	  10	  teeth.	  To	  minimize	   the	  
risk	  for	  fractures,	  a	  cantilever	  posterior	  to	  the	  last	  implant	  was	  avoided	  in	  the	  provisional	  bridge.	  The	  
implant	   embrasures	   were	   sufficiently	   widened	   to	   allow	   interproximal	   cleaning	   measures	   with	  	  
interdental	   brushes.	   The	   abutments	   were	   torqued	   into	   place	   at	   35	   N	   cm	   according	   to	   the	  
manufacturer’s	   guidelines.	   The	   prostheses	   were	   screw	   retained	   within	   2	   days	   after	   surgery	   and	  
occlusion/articulation	  was	  adapted	  by	  grinding	  and	  polishing	  whenever	  necessary.	  Patients	  received	  
oral	   hygiene	   instructions	   and	   reinforcement	   at	   regular	   time	   intervals.	   As	   the	   surgery	  was	   flapless,	  
there	  was	  no	  suturing	  of	  the	  soft	  tissues	  and	  minimal	  swelling	  occurred.	  The	  provisional	  restoration	  
was	  replaced	  by	  a	  conventional	  final	  12	  units	  screw-­‐retained	  jaw	  anchored	  bridge	  3–4	  months	  after	  
initial	  treatment.	  
Assessing	  speech	  characteristics	  
Objective	  and	  subjective	  assessment	  techniques	  were	  used	  to	  determine	  the	  speech	  characteristics	  	  	  	  
(overall	  speech	  intelligibility	  and	  phonetic	  characteristics	  )	  and	  oromyofunctional	  behaviour.	  Speech	  
assessments	  and	  oromyofunctional	  evaluations	  were	  performed	  at	  an	  average	  of	  7.3	  months	  (range	  
6–8	  months	  )	  after	  placement	  of	  the	  fixed	  implant	  prosthesis.	  
Overall	  satisfaction	  
One	  question	  (	  of	  the	  domain	  functional	   limitation	  )	  of	  the	  Dutch	  version	  of	  the	  Oral	  Health	  Impact	  
Profile	   (	  OHIP-­‐14	   )	  was	  used	   17	   to	  determine	   the	   impact	  of	   the	  prosthesis	  on	   speech.	  A	  high	   score	  	  	  	  	  	  	  	  
(	  ranging	  from	  0	  to	  4	  )	  implies	  a	  high	  impact	  of	  the	  prosthesis	  on	  the	  speech	  characteristics.	  Subjects	  
were	  also	  asked	  to	  rate	  overall	  satisfaction	  with	  their	   fixed	   implant	  prosthesis	  on	  a	  visual	  analogue	  
scale	   (	   VAS	   )	   with	   100%	   reflecting	   complete	   satisfaction	   and	   0%	   corresponding	   to	   completely	   not	  
satisfied.	   The	  patients	  were	   asked	   to	   fill	   in	   the	  questionnaire	   and	   to	  perform	   the	  VAS	  prior	   to	   the	  
speech	  and	  clinical	  assessment.	  
Articulation	  and	  speech	  intelligibility	  
Speech	  samples	  for	  the	  assessment	  of	  articulation	  were	  elicited	  by	  means	  of	  a	  picture	  naming	  test.	  
This	   test	   requires	   subjects	   to	   name	   black	   and	   white	   drawings	   of	   common	   objects	   and	   actions.	   It	  
elicits	  a	  speech	  sample	  containing	  instances	  of	  all	  Dutch	  single	  sounds	  and	  most	  consonant	  clusters	  in	  
all	  permissible	  syllable	  position	   (	   see	  Appendix	  A	   ).	  The	  samples	  were	   recorded	  digitally	   for	   further	  
analysis	   in	   a	   sound-­‐treated	   room	   of	   the	   University	   Hospital	   of	   Gent.	   The	   evaluation	   included	   an	  
independent	  analysis	  as	  well	  as	  relational	  analysis	  6.	  The	  independent	  analysis	  consisted	  of	  drawing	  
up	   a	   phonetic	   inventory	   and	   assessing	   which	   consonants	   and	   vowels	   the	   patient	   was	   capable	   of	  
producing	   correctly	   in	   his/her	   native	   language.	   This	   analysis	   was	   conducted	   without	   making	  
reference	   to	   the	   intended	   target	   sounds.	   A	   sound	  was	   considered	   to	   be	   present	   in	   the	   inventory	  
when	  at	   least	  two	  instances	  of	  correct	  productions	  (	   i.e.	  consistent	  with	  the	  standard	  realization	  of	  
the	  sound	  )	  were	  found.	  In	  the	  relational	  analysis,	  consonant	  and	  vowel	  productions	  were	  compared	  
with	   target	   productions	   and	   analysed	   for	   error	   types	   at	   the	   segment	   level.	   The	   speech	   sample	  
gathered	  by	  means	  of	   a	  picture	  naming	   test	  was	   also	  used	   to	   judge	  overall	   speech	   intelligibility	   in	  
words	   and	   sentences.	   An	   ordinal	   scale	   with	   four	   levels	   was	   used	   to	   rate	   speech	   intelligibility	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
(	   0	   normal;	   1	   mildly	   impaired;	   2	   moderately	   impaired;	   3	   severely	   impaired	   ).	   All	   analyses	   (	   for	  
articulation	   and	   intelligibility	   )	  were	  based	  on	   a	   consensus	  narrow	  phonetic	   transcription	  made	  by	  
two	  speech	  language	  pathologists	  (	  P.M.,	  E.V.K.	  )	  using	  the	  symbols	  and	  diacritics	  of	  the	  International	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Phonetic	  Alphabet.	  Both	  speech	  language	  pathologists	  were	  blinded	  to	  whether	  the	  subject	  belonged	  
to	   the	   experimental	   or	   the	   control	   group.	   The	   speech	   language	   pathologists	   simultaneously	   and	  
independently	   transcribed	   the	   samples	   before	   comparing	   transcriptions	   or	   intelligibility	   ratings	  
aiming	   at	   a	   consensus.	   Only	   spontaneous	   and	   unequivocal	   naming	   of	   the	   stimulus	   picture	   were	  
retained	  in	  the	  analysis.	  The	  speech	  samples	  thus	  gathered	  consisted	  of	  135	  different	  words.	  
Acoustic	  analysis	  
A	  digital	  sample	  of	  the	  /s/	  sound	  was	  recorded	  from	  the	  experimental	  and	  the	  control	  groups,	  using	  
the	   Computerized	   Speech	   Lab	   (	   CSL	   )	   apparatus.	   The	   signals	   were	   sampled	   at	   44	   100	   Hz.	  
Subsequently,	   each	   sample	   was	   visualized	   by	   means	   of	   Praat	   software.	   The	   cursor	   was	   placed	  
manually	  halfway	  along	  the	  visible	  frication	  and	  a	  1	  s	  section	  was	  extracted	  from	  each	  /s/	  token	  using	  
a	  Hamming	  window.	  A	  Praat	  script	  was	  developed	  to	  derive	  the	  spectral	  characteristics,	  such	  as	  the	  
spectral	   moments	   (	   centre	   of	   gravity,	   standard	   deviation,	   skewness	   and	   kurtosis	   )	   and	   the	   peak	  
frequency	  value	  of	  the	  fast	  Fourier	  spectrum.	  The	  centre	  of	  gravity	  is	  a	  measure	  of	  the	  average	  height	  
of	   the	   frequencies	   in	   the	   spectrum,	   the	   standard	   deviation	   quantifies	   their	   dispersion	   around	   the	  
centre	  of	  gravity.	  The	  skewness	  is	  a	  measure	  for	  the	  difference	  between	  the	  shape	  of	  the	  spectrum	  
above	  and	  below	  the	  average	  frequency	  value,	  and	  the	  kurtosis	  shows	  how	  much	  the	  shape	  of	  the	  
spectrum	   differs	   from	   a	   Gaussian	   distribution.	   These	   parameters	   quantify	   spectral	   details	   that	  
correspond	  to	  the	  pitch	  of	  fricative	  speech	  sounds	  and	  to	  their	  articulatory	  distinctivity.	  
Oromyofunctional	  assessment	  
During	  oromyofunctional	  assessments,	  five	  functions	  were	  measured	  and	  videorecorded	  as	  proposed	  
in	   the	   protocol	   of	   Lembrechts	   et	   al	   18.	   These	   functions	   were	   lip	   function	   (	   lip	   position	   at	   rest,	   lip	  
closure,	   dispersion	   of	   the	   corners	   of	   the	   mouth,	   lip	   protrusion,	   lip	   strength,	   lip	   position	   during	  
swallowing	  ),	  tongue	  function	  (	  tongue	  position	  at	  rest,	  tongue	  protrusion,	  tongue	  retraction,	  tongue	  
lifting	   against	   the	  upper	   lip,	   tongue	   lifting	   against	   the	   lower	   lip,	   lateral	  movements	   of	   the	   tongue,	  
tongue	  position	  during	  swallowing	  ),	  blowing,	  sucking	  and	  swallowing.	  A	  three-­‐point	  rating	  scale	  was	  
used	   for	   function	   (	   0	   normal,	   1	   decreased,	   2	   impossible	   ).	   The	   presence	   of	   the	   following	  
oromyofunctional	  disorders	  was	  verified:	  presence	  of	  sucking	  habits,	  slavering,	  mouth	  breathing,	  lip	  
incompetence	   and	   bruxism.	   The	   experienced	   speech	   pathologists	   (	   P.M.,	   E.V.K.	   )	   first	   rated	  
independently.	  In	  case	  of	  disagreement,	  the	  samples	  were	  replayed	  and	  discussed	  until	  a	  consensus	  
was	  reached.	  
Statistical	  analysis	  
Two	  Kruskal–Wallis	   tests	  were	  performed	  on	  the	   five	  acoustic	  parameters	   (	   four	  spectral	  moments	  
(centre	  of	  gravity,	   standard	  deviation,	   skewness	  and	  kurtosis)	  and	   the	  peak	   frequency	  value	  of	   the	  
fast	   Fourier	   spectrum	   )	   to	   evaluate	   the	   results	   from	   the	   IFP	  users.	  Data	   from	   IFP	  participants	  who	  
produced	  a	  sigmatism	  (	  n	  =	  12	  )	  were	  compared	  to	  the	  acoustic	  parameter	  from	  all	  other	  participants	  
who,	  according	  to	  the	  panel	  of	  listeners,	  produced	  a	  normal	  /s/	  sound	  (	  n	  =	  12	  )	  (	  a	  comparison	  of	  all	  
deviant	  and	  all	  normal	  sounding	  /s/	  productions	  ).	  Results	  for	  the	  five	  acoustic	  parameters	  from	  all	  
IFP	  users	  were	   compared	   to	  equivalent	  data	  obtained	   from	   the	  group	  of	  normal	   speakers	  without	  
dental	   anomalies	   or	   tooth	   implants.	   This	   normal	   group	   had	   an	   average	   age	   comparable	   to	   the	  
average	  age	  in	  the	  implant	  user’s	  group.	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The	  overall	  satisfaction	  with	  the	  IFP	  ranged	  from	  50%	  (	  n	  =	  1	  )	  to	  100%	  (	  n	  =	  4	  )	  with	  a	  mean	  value	  of	  
87%.	  On	  the	  question	  regarding	  satisfaction	  with	  phonetics,	  53%	  (	  n	  =	  8	  )	  mentioned	  problems	  with	  
speech	   after	   treatment	   with	   the	   fixed	   implant	   prosthesis.	   According	   to	   these	   subjects,	   speech	  
problems	  were	   related	   to	   their	   implant	   treatment.	   Surgery	   and	   rehabilitation	  were	   not	   separately	  
considered	   because	   implants	   and	   prosthesis	   were	   placed	   simultaneously.	   In	   the	   control	   group	   no	  
functional	  impact	  was	  noted.	  
Articulation,	  speech	  intelligibility	  and	  oromyofunctional	  disorders	  
All	  the	  subjects	  in	  the	  experimental	  and	  control	  groups	  had	  normal	  speech	  intelligibility	  (	  consensus	  
evaluation	  100%	  ).	  The	  phonetic	   inventories	  showed	  that	  all	  subjects	  were	  capable	  of	  producing	  all	  
Dutch	  vowels	  and	  consonants.	  A	  sound	  was	  considered	  to	  be	  present	  in	  a	  subject’s	  inventory	  when	  at	  
least	  two	  instances	  of	  correct	  production	  of	  the	  sound	  were	  found.	  None	  of	  the	  subjects	  showed	  a	  
distortion	   of	   the	   vowels	   or	   semi-­‐vowels.	   The	   total	   percentage	   of	   subjects	   presented	   with	   one	   or	  
more	  distortions	  of	   the	  consonants	  was	  87%	  (	  13/15	  )	   (	  concordance	  value	  100%	  ).	  An	  overview	  of	  
the	  phonetic	  distortions	  in	  the	  subject	  	  showed	  a	  distortion	  of	  the	  /s/	  sound,	  33%	  (5/15)	  of	  the	  /t/,	  
27%	  (	  4/15	  )	  of	   the	  /z/	  or	  /d/	  sound	  and	  20%	  (	  3/15	  )	  of	   the	  /R/	  or	  /a/	  sounds.	  The	  most	  common	  
distortion	  were	  a	  sigmatismus	  simplex	  (	  40%,	  6/15	  )	  followed	  by	  a	  sigmatismus	  stridens	  (	  33%,	  5/15	  ),	  
simplex	   /z/	   (	   27%,	   4/15	   ),	   insufficient	   frication	   of	   /R/	   (	   20%,	   3/15	   ),	   /a/	   (	   20%,	   3/15	   ),	   addental	  
production	  of	  /d/	  (	  20%,	  3/15	  )	  or	  /t/	  (	  20%,	  3/15	  ),	  /t/	  followed	  by	  a	  slight	  /s/	  sound	  (	  13%,	  2/15	  )	  
and	  devoiced	  /d/	  (	  7%,	  1/15	  ).	  In	  the	  control	  group	  no	  articulation	  disorders	  were	  perceptually	  judged	  
(	  consensus	  evaluation	  100%	  ).	  Oromyofunctional	  behaviour	  in	  both	  groups	  was	  observed	  as	  normal	  	  
(	  concordance	  value	  100%	  ).	  In	  the	  experimental	  group,	  one	  subjects	  had	  slight	  restrictions	  regarding	  
the	  retraction	  of	  the	  angles	  of	  the	  mouth.	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Acoustic	  analysis	  
The	  Kruskal–Wallis	  test	  on	  acoustic	  data	  from	  /s/	  sounds	  of	  IFP	  users	  perceived	  as	  having	  a	  sigmatism	  
versus	  implant	  users	  perceived	  as	  producing	  a	  normal	  /s/	  revealed	  no	  significant	  differences	  except	  
for	  the	  second	  spectral	  moment	  (	  the	  standard	  deviation	  of	  frequencies	  in	  the	  fast	  Fourier	  spectrum;	  
p	  <	  0.05	  ).	  The	  Kruskal–Wallis	  test	  comparing	  the	  five	  spectral	  features	  of	  implant	  users	  and	  normal	  
speakers	   resulted	   in	   significant	   differences	   for	   both	   centre	   of	   gravity	   (	   p	   <	   0.05	   )	   and	   standard	  
deviation	  of	  the	  centre	  frequencies	  in	  the	  /s/	  noise	  (	  p	  <	  0.05	  ),	  with	  the	  implant	  users	  having	  a	  lower	  
centre	  of	  gravity	  and	  a	  larger	  standard	  deviation.	  
	  
DISCUSSION	  
The	  present	  study	  determined	  the	  impact	  of	  the	  ‘all-­‐on-­‐four’	  treatment	  concept,	  using	  4	  immediately	  
loaded	   implants	   for	   a	   screw-­‐retained	   prosthesis,	   on	   overall	   speech	   intelligibility,	   articulation	   and	  
oromyofunctional	  behaviour.	  All	  implants	  survived	  at	  least	  1	  year	  in	  function	  and	  are	  currently	  under	  
further	  follow-­‐up	  over	  4	  years	  without	  any	  losses.	  The	  provisional	  10-­‐units	  jaw-­‐anchored	  fixed	  dental	  
prosthesis	  was	   installed	   immediately	  after	  surgery	  and	  kept	   in	   function	   for	  3	  months	  to	  allow	  soft-­‐
tissue	   adaptation.	   When	   changing	   the	   provisional	   prosthesis	   for	   the	   final	   one,	   a	   second	   speech	  
adaptation	  period	  is	  required	  because	  the	  final	  restoration	  especially	  in	  the	  mandible	  has	  more	  teeth	  
than	  the	  provisional	  one	  and	  is	  less	  bulky	  in	  design	  than	  the	  acrylic	  based	  denture-­‐like	  prosthesis.	  The	  
overall	  effect	  (	  after	  an	  adaptation	  period	  of	  7.3	  months	  )	  on	  overall	  speech	  intelligibility,	  articulation	  
and	  oromyofunctional	  behaviour	  was	  assessed	   in	  15	  non-­‐professional	  speakers	  with	  a	  mean	  age	  of	  
48	  years.	  Despite	  53%	  of	  the	  subjects	  mentioning	  that	  the	  fixed	  implant	  prosthesis	  affected	  speech,	  
overall	  satisfaction	  with	  the	  prosthesis	  was	  high	  (	  87%	  ).	  In	  agreement	  with	  the	  results	  of	  the	  studies	  
of	  Sansone	  et	  al.	  14	  and	  Jacobs	  et	  al.	  13	  no	  disorders	  of	  lip	  and	  tongue	  function,	  blowing,	  sucking	  and	  
swallowing	   were	   diagnosed	   in	   the	   subjects	   in	   the	   consensus	   perceptual	   evaluation.	   No	   addental	  
tongue	   position	   was	   observed	   in	   this	   study	   in	   contrast	   with	   the	   report	   by	   Molly	   et	   al.	   15	  
Hypothetically,	   this	   disparity	   can	   be	   explained	   by	   the	   use	   of	   different	  methodological	   approaches	  	  	  	  	  	  	  
(	  the	  standardized	  protocol	  of	  Lembrechts	  et	  al.	  18	  with	  observation	  of	  oromyofunctional	  behaviour	  
at	   rest	   and	   during	  multiple	   lip	   and	   tongue	   functions	   using	   a	   three	   point	   rating	   scale	   in	   this	   study	  
versus	  observation	  of	  the	  lip	  and	  tongue	  at	  ease	  and	  during	  swallowing	  15	  )	  or	  the	  difference	  in	  mean	  
age	   (	   48	   years	   in	   this	   study	   versus	   54	   years	   15	   )	   or	   the	   difference	   in	   experience	   of	   the	   surgeon.	  
oromyofunctional	   behavior	   in	   the	   experimental	   and	   the	   control	   groups	   was	   observed	   as	   normal	  	  	  	  	  	  	  	  	  	  	  
(	  concordance	  value	  100%	  ).	  In	  the	  experimental	  group,	  one	  subject	  had	  slight	  restrictions	  regarding	  
the	   retraction	   of	   the	   angles	   of	   the	   mouth.	   Although	   there	   were	   no	   complaints	   regarding	   mouth	  
function	   in	   the	   case	  history,	   this	   slight	   restriction	  was	  probably	  present	  before	   implant	   treatment.	  
The	  absence	  of	  a	  specific	  pre-­‐treatment	  assessment	  and	  several	  posttreatment	  follow-­‐up	  articulation	  
assessments	  are	   clear	  drawbacks	  and	  can	  be	   regarded	  as	  a	   limitation	  of	   this	   study.	   Since	  only	  one	  
time	  point	  was	  assessed,	   it	   is	  not	  possible	   to	  draw	  any	   conclusions	  about	   the	  patients’	   adaptation	  
over	   time.	  Molly	   et	   al.	   15	   revealed	   in	   a	   prospective	   follow-­‐up	   study	   that	   adaptation	   to	   presurgical	  
phonetics	  was	  established	  within	  a	  6	  month	  period.	  De	  Bruyn	  et	  al.	   4	  noted	   that	  phonetic	   changes	  
with	   an	   implant	   borne	   fixed	   prosthesis	   in	   both	  mandible	   and	  maxilla	   remained	   unchanged	   from	  4	  
months	   to	  3	  years.	   In	   these	  studies,	   the	   fixed	  dental	  prostheses	  were	  constructed	  on	  5–6	   implants	  
and	  most	   patients	   did	   not	   subjectively	   indicate	   phonetic	   problems.	   On	   the	   contrary,	   the	   patients	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reported	   a	   major	   improvement	   with	   respect	   to	   the	   pre-­‐implant	   situation	   with	   the	   removable	  
denture.	   In	   the	  present	  study,	   the	  provisional	   fixed	  prosthesis	   is	  quite	  wide	   in	   the	  bucco-­‐palatal	  or	  
bucco-­‐lingual	   dimension	   because	   it	   contains	   a	   metal	   wire	   for	   reinforcement.	   This	   may	   alter	   the	  
phonetic	   speech	   characteristics.	   Hence,	   a	   few	   months’	   function	   was	   preferred	   over	   immediate	  
evaluation	   in	  order	   to	   give	   insight	   in	   the	   long-­‐term	  phonetic	   problems	   related	   to	   implant	   therapy.	  
This	   is	   the	   first	   study	   to	  assess	   the	   impact	  of	   speech	   characteristics	  on	   the	   ‘all-­‐on-­‐four’	  prosthesis.	  
This	   concept	   is	   based	   on	   non-­‐axial	   implant	   positioning	   of	   the	   posterior	   implants	   and	   2	   straight	  
implants	   in	   the	   anterior	   zone.	   Hence,	   angulated	   abutments	   of	   36–45	   degrees	   are	   needed	   to	  
compensate	   for	   the	   disparity	   in	   parallelism	   between	   the	   posterior	   and	   anterior	   implants.	   As	   a	  
consequence,	   the	   screw	   access	   holes	   are	   not	   always	   ideally	   placed	   and	   sometimes	   the	   teeth	   are	  
bulky	   and	   too	   far	   lingually	   or	   palatally	   positioned	   due	   to	   the	   size	   of	   the	   angulated	   abutment.	  
Therefore,	  the	  phonetic	  problems	  reported	  in	  the	  literature	  and	  related	  to	  axially	  positioned	  implants	  
may	  not	  hold	  for	  the	  all-­‐on-­‐four	  concept.	  The	  angular	  placement	  of	  the	  two	  posterior	  implants	  may	  
also	   have	   an	   impact	   on	   articulation	   (	   speech	   production	   of	   consonants	   ).	   The	   teeth,	   apart	   from	  
serving	  a	  cosmetic	  purpose,	  play	  an	  important	  role	  in	  the	  articulation	  of	  specific	  speech	  sounds	  such	  
as	   the	   fricatives	   /s/	   and	   /z/.	   53%	   (	   8	   of	   15	   )	   of	   the	   subjects	  mentioned	   subjective	   problems	  with	  
speech.	  To	  what	  extent	  these	  self-­‐observed	  phonetic	  disorders	  more	  than	  6	  months	  after	  installation	  
of	  the	  final	  fixed	  implant	  retained	  bridge	  are	  transient	  is	  subject	  for	  further	  research.	  The	  results	  of	  
this	  study	  are	  in	  contrast	  with	  the	  findings	  of	  several	  studies	  such	  as	  Haraldson	  et	  al.	  9,	  Göthberg	  et	  
al.	  3	  and	  Jemt	  12	  in	  which	  only	  29%,	  22%	  and	  32%,	  respectively,	  of	  the	  subjects	  experienced	  persistent	  
(	  assessed	  by	  questionnaire	  )	  subjective	  speech	  problems	  related	  to	  the	  prosthesis.	  Dierens	  et	  al.	  19,	  
prospectively	  questioning	  50	  patients	  on	  their	  opinion	  regarding	  phonetic	  disorders	  after	  treatment	  
with	   5–8	   implant	   based	   fixed	   bridges,	   revealed	   an	   over	   90%	   satisfaction	   after	   6	   months	   with	   no	  
further	   changes	   after	   1	   and	   3	   years.	   In	   their	   immediate	   loading	   study	   a	   further	   improvement	  was	  
seen	  when	  the	  provisional	  was	  replaced	  by	  the	  final	  restoration.	  In	  contrast	  to	  the	  above	  mentioned	  
clinical	  studies,	  the	  results	  of	  the	  consensus	  perceptual	  evaluation	  in	  this	  study	  revealed	  that	  in	  87%	  	  
(	  13	  of	  15	   )	  of	   the	  subjects,	   the	  presence	  of	  one	  or	  more	  phonetic	  distortions	  persisted	  despite	  an	  
adaptation	  period	  of	  more	  than	  7	  months	  on	  average.	  A	  similar	  percentage	  of	  subjects	  with	  phonetic	  
disorders	  was	   found	   in	   the	   study	  of	   Lundqvist	  et	  al.	   10,11	   in	  which	  66%	  of	   the	  patients	  experienced	  
speech	  disorders	  after	  6	  months	  of	  functional	  loading	  with	  a	  delayed	  loading	  protocol.	  After	  3	  years,	  
most	   patients	  were	   free	   of	   complaints.	  Molly	   et	   al.	   1	   studied	   10	   patients	   treated	  with	   the	   flapless	  
guided	   surgery	   technique	   ‘teeth	   in	   an	   hour’	   and	   found	   only	   10%	   of	   the	   patients	  with	   articulation	  
disorders.	   Their	   technique	   uses	   a	   presurgically	   prepared	   prosthesis,	   copied	   from	   the	   existing	  
removable	   denture,	   with	   minimal	   displacement	   of	   the	   teeth.	   Logically,	   this	   copied	   denture	   could	  
hardly	   affect	   speech	   adaptation	   because	   the	   teeth	   set-­‐up	   is	   similar	   to	   the	   presurgical	   one.	   Their	  
results	   are	   in	   agreement	  with	   other	   follow-­‐up	   studies	   4,19.	   The	   only	   difference	  with	   the	   procedure	  
used	  in	  the	  present	  study	  is	  the	  angulation	  of	  the	  posterior	  implants	  requiring	  angulated	  abutments	  
of	   36	   degrees	   and	   the	   minimal	   number	   of	   four	   implants.	   An	   important	   feature	   of	   the	   angulated	  
abutment	   is	   the	   height	   and	   width,	   which	   may	   hamper	   an	   ideal	   tooth	   positioning.	   The	   minimal	  
number	   of	   implants	   may	   have	   an	   impact	   on	   the	   total	   number	   of	   teeth	   in	   the	   posterior	   zone.	  
Hypothetically,	  the	  high	  number	  of	  articulation	  disorders	  can	  be	  related	  to	  the	  prosthetic	  treatment	  
with	  anchorage	  on	  4	   implants.	  Differences	   in	  speech	  samples	  (	  articulation	  test	   in	  this	  study	  versus	  
counting,	   list	   of	   words	   including	   specific	   speech	   sounds	   and	   rapidly	   repeated	   sentences	   15	   versus	  
perceptual	  evaluation	  of	  specific	  speech	  sounds2	  or	  different	   language,	  Flemish	   in	  this	  study	  versus	  
Swedish	  11	  )	  can	  also	  affect	  this.	  The	  present	  findings	  are	  in	  agreement	  with	  the	  results	  of	  Jacobs	  et	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al.	   13	   in	  which	   84%	   of	   patients	   treated	  with	   cross-­‐arch	   implant	   reconstructions	  made	   1	   or	   several	  
articulation	  errors.	  The	  distorted	  speech	  sounds	  are	  similar	  in	  both	  studies	  (disorders	  of	  /s/	  /z/	  /sj/,	  
/zj/	  /t/	  and	  /d/)	  investigating	  the	  same	  (	  Flemish	  )	  language.	  Comparison	  between	  the	  specific	  type	  of	  
phonetic	  disorder	  is	  not	  possible	  since	  no	  further	  specifications	  are	  given	  in	  the	  report	  by	  Jacobs	  et	  
al.	   13	  To	   the	  best	  of	   the	  authors’	  knowledge,	  studies	   that	  document	   the	  type	  of	  phonetic	  disorders	  
after	   implant	   treatment	   are	   scarce.	   The	   detailed	   phonetic	   analysis	   in	   this	   study	   revealed	   that	   a	  
sigmatismus	   simplex	   (	   40%	   ),	   followed	   by	   a	   sigmatismus	   stridens	   (	   33%	   ),	   simplex	   /z/	   (	   27%	   )	   and	  
insufficient	  frication	  of	  /sj/	  (	  20%	  )	  /zj/	  (	  20%	  )	  were	  the	  most	  frequently	  observed	  phonetic	  disorders.	  
Along	  with	  the	  tongue,	  the	  teeth	  are	  directly	  involved	  in	  the	  production	  of	  the	  /s/	  and	  /z/	  sound.	  The	  
frication	  of	  turbulence	  noise	  during	  the	  production	  of	  the	  /s/	  sound	  is	  produced	  between	  the	  upper	  
and	  lower	  teeth.	  Hypothetically,	  a	  less	  ideal	  tooth	  position,	  related	  to	  malpositioning	  of	  implants	  can	  
interrupt	  the	  turbulent	  noise	  production	  in	  /s/	  resulting	  in	  a	  stigmatism	  simplex,	  stridens,	  simplex	  /z/	  
or	   distortion	   of	   /sj/	   and	   /zj/.	  Whether	   the	   addental	   production	   of	   /t/	   (	   20%	   )	   and	   /d/	   (	   20%	   )	   are	  
related	   to	   the	   presence	   of	   the	   implant	   bridge	   is	   a	   subject	   for	   further	   research.	   Acoustic	   analysis	  
corroborates	  the	  clinical	  observations	  on	  articulation	  quality	  and	  points	  to	  the	  spectral	  composition	  
of	   the	   frication	   noise	   of	   the	   /s/	   sound,	   particularly	   the	   average	   height	   of	   the	   frequencies	   in	   the	  
spectrum	  and	  their	  dispersion,	  as	  possible	  objective	  indices	  for	  evaluation	  and	  follow-­‐up.	  The	  present	  
study	   has	   evaluated	   a	   combination	   of	   maxillary	   and	   mandibulary	   fixed	   dental	   prostheses	   on	   4	  
implants.	   Although	   the	  misplacement	   of	   dental	   implants	  may	   be	  more	   phonetically	   detrimental	   in	  
the	  maxilla,	  the	  authors	  think	  that	  malpositioning	  of	  the	  mandibulary	  teeth	  may	  also	  have	  an	  impact	  
on	   speech.	   According	   to	   the	   clinical	   protocol,	   maximized	   occlusion	   was	   obtained	   by	   adapting	   the	  
opposite	  teeth.	  Hence,	  misplacement	  in	  the	  mandible	  also	  affected	  tooth	  position	  in	  the	  maxilla	  and	  
consequently	  affected	  articulation.	  As	  a	  whole,	  the	  restorative	  treatment	  has	  an	  effect	  on	  both	  jaws.	  
Further	  research,	  including	  a	  prospective	  cohort	  approach	  with	  more	  subjects,	  including	  appropriate	  
baseline	   measurement	   and	   taking	   into	   consideration	   a	   jaw-­‐related	   analysis	   is	   required	   to	   further	  
elucidate	  the	  suggestions	  of	  the	  present	  pilot	  study.	  In	  conclusion,	  the	  current	  study	  revealed	  a	  high	  
satisfaction	   with	   the	   fixed	   prosthesis	   on	   4	   implants	   despite	   speech	   problems	   related	   to	   the	  
treatment.	   In	   most	   of	   the	   patients	   (	   87%	   )	   one	   or	   more	   phonetic	   distortions	   occurred	   and	   the	  
articulation	  was	  characterized	  by	  the	  presence	  of	  a	  sigmatism	  in	  80%	  of	  the	  subjects.	  In	  contrast	  to	  
other	   studies	   the	   ‘all-­‐on-­‐four’	   concept	   seems	  more	   prone	   to	   phonetic	   disorders.	  Whether	   speech	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Comparison	  of	  speech	  and	  intelligibility,	  articulation	  and	  
oromyofunctional	  behaviour	  in	  subjects	  with	  single-­‐tooth	  implants,	  
fixed	  implant	  prosthetics	  and	  conventional	  removable	  prostheses	  
Van	  Lierde	  K,	  Browaeys	  H,	  Corthals	  P,	  Mussche	  P,	  Van	  Kerkhoven	  E,	  De	  Bruyn	  H.	  
(Van	  Lierde	  and	  Browaeys	  contributed	  equally	  to	  this	  work)	  
	  
ABSTRACT:	  
The	  purpose	  of	   this	   controlled	   study	  was	   to	   determine	   the	   impact	   of	   a	   single-­‐tooth	   implant,	   fixed	  
implant	   prosthesis	   and	   completely	   removable	   dental	   prosthesis	   on	   intelligibility,	   articulation	   and	  
oromyofunctional	   behaviour.	   Additionally,	   the	   self-­‐perceived	   overall	   satisfaction	   of	   the	   dental	  
replacements	   and	   the	   effect	   on	   speech	   was	   questioned.	   Objective	   (	   acoustic	   analysis	   )	   as	   well	   as	  
subjective	   assessment	   techniques	   (	   perceptual	   evaluation	   )	   were	   used.	   The	   satisfaction	   of	   single-­‐
tooth	   implant	  group	  was	  very	  high	  (	  100%	  )	   followed	  by	  a	  satisfaction	  of	  87%	  for	  the	  fixed	   implant	  
prosthesis	  group	  and	  68%	  for	  the	  removable	  prosthesis	  group.	  The	  results	  of	  the	  phonetic	  analyses	  
revealed	   a	   normal	   intelligibility	   and	   oromyofunctional	   behaviour	   in	   the	   three	   groups	   of	   dental	  
replacements.	  Only	  one	  type	  of	  articulation	  disorders	  was	  observed	  in	  the	  singletooth	  implant	  group,	  
followed	  by	  three	  types	  of	  disorders	  in	  the	  removable	  prosthesis	  group	  and	  six	  types	  of	  disorders	  in	  
the	  fixed	  implant	  prosthesis	  group.	  In	  this	  last	  group,	  not	  only	  87%	  of	  the	  subjects	  showed	  distortions	  
of	   one	   or	   more	   consonants	   but	   also	   most	   consonants	   of	   the	   Dutch	   language	   were	   disturbed	   in	  
comparison	  with	  the	  single-­‐tooth	  implant	  and	  removable	  prosthesis	  users.	  Special	  attention	  must	  be	  
paid	  to	  the	  fricative	  ⁄	  s	  ⁄	  because	  in	  more	  than	  50%	  of	  all	  groups,	  this	  sound	  is	  disturbed.	  	  
KEYWORDS:	  single-­‐tooth	  implant,	  fixed	  implant	  prosthesis,	  completely	  removable	  dental	  prosthesis,	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INTRODUCTION	  
Any	   abnormality	   of	   the	   teeth	   or	   missing	   teeth	   could	   negatively	   affect	   the	   production	   of	   specific	  
speech	  sounds.	  Along	  with	  the	  tongue,	  the	  teeth	  are	  directly	  involved	  in	  the	  production	  of	  ⁄f⁄	  and	  ⁄v⁄	  
and	   help	   to	   produce	   the	   frication	   in	   sounds	   like	   ⁄s⁄	   and	   ⁄z⁄	   as	   the	   breath	   stream	   passes	   over	   the	  
lower	  edges	  of	  the	  incisor	  teeth	  (	  1	  ).	  In	  case	  of	  loss	  of	  a	  single	  tooth,	  a	  removable	  prosthesis,	  a	  fixed	  
tooth	   bone	   restoration	   (	   fixed	   bridge	   )	   or	   a	   single-­‐tooth	   crown	   on	   a	   dental	   implant	   are	  means	   to	  
restore	  function	  and	  aesthetics.	  Single-­‐tooth	  implants	  are	  often	  recommended	  in	  dental	  health	  care	  
because	  (	  i	  )	  preparation	  of	  adjacent	  teeth	  is	  avoided,	  (	  ii	  )	  they	  are	  the	  ideal	  replacement	  in	  spaced	  
dentition,	  (	   iii	   )	  they	  are	  highly	  predictable,	  require	  little	  maintenance	  and	  (	   iv	  )	  they	  preserve	  ridge	  
height	  and	  width	   (	  2	   ).	  Recently,	  Dierens	  et	  al.	   (	  3	   )	  described	  a	  clinical	   implant	  survival	   rate	  above	  
90%	  after	  16–23	  years.	  The	  survival	  of	  fixed	  prostheses	  on	  natural	  teeth	  is	  described	  to	  be	  66%	  after	  
20	  years	  (	  4,	  5	  ).	  Hence,	  there	  is	  an	  international	  consensus	  that	  dental	   implants	  are	  the	  preferable	  
treatment	  choice	  for	  single-­‐tooth	  restoration	  (	  6	  ).	  In	  completely	  or	  partially	  edentulous	  patients,	  the	  
rehabilitation	  with	  fixed-­‐implant-­‐supported	  prostheses	  (	  FIP	  )	  or	  removable	  dentures	  is	  possible.	  The	  
demand	  for	  FIP	  treatment	  has	  grown	  rapidly	  because	  of	  the	  increased	  expectation	  of	  a	  good	  quality	  
of	   life,	   utility	   of	   the	   teeth	   (	   7	   )	   and	   aesthetics	   in	   the	  middle-­‐aged	   and	   ⁄or	   older	   population.	  When	  
multiple	   teeth	   are	   lacking,	   the	   decision	   whether	   teeth	   or	   implants	   are	   chosen	   is	   guided	   by	  many	  
factors	  including	  the	  condition	  of	  the	  teeth,	  cost-­‐benefit	  analysis	  and	  the	  demand	  of	  the	  patient.	  It	  is	  
well	  established	  that	  with	  complete,	  partial	  or	  single-­‐tooth	  implant	  bone	  rehabilitation,	  the	  general	  
comfort,	   aesthetics,	   chewing	   function	   and	   speech	   improve	   significantly	   (	   3,	   8–10	   ).	   Without	   any	  
doubt,	   the	  gain	  of	  comfort	  and	  patient	  satisfaction	   is	  higher	  when	  fixed	  restorations	  are	  compared	  
with	   removable	   appliances.	   Questionnaires	   studies	   reveal	   that	   patient	   experiences	   a	   significant	  
improvement	   in	   function,	   comfort	   and	   quality	   of	   life	   when	   removable	   full	   dentures	   in	   either	  
mandible	   or	   maxilla	   are	   replaced	   by	   implant	   rehabilitations.	   It	   was	   additionally	   revealed	   that	  
phonetical	   problems	  were	   often	   encountered	   in	   60%	   and	   46%	   of	   the	   patients	  wearing	   removable	  
dentures,	   respectively,	   in	   the	  maxilla	   or	  mandible	   (	   5	   ).	   The	   impact	   of	   single-­‐tooth	   restoration	   on	  
subjectively,	  patient	  assessed	  changes	  of	  speech	  characteristics	  and	  oromyofunctional	  behaviour	  was	  
described	  by	  few	  authors.	  Vermylen	  et	  al.	  (	  11	  )	  questioned	  48	  patients	  treated	  with	  single	  implants,	  
and	   general	   patient’s	   satisfaction	   was	   excellent.	   None	   of	   the	   subjects	   experienced	   any	   speech	  
problem	   related	   to	   the	   implant.	   Pjetursson	   et	   al.	   (	   12	   )	   questioned	   104	   patients	   with	   	   214	   single	  
implants,	   and	   91	   indicated	   they	   had	   no	   problem	  with	   phonetics.	   Studies	   evaluating	   the	   speech	   in	  
subjects	  with	  FIP	  show	  conflicting	  results.	  Lundqvist	  et	  al.	  (	  13	  )	  reported	  phonetic	  problems	  in	  66%	  
of	  the	  patients,	  especially	  for	  the	  ⁄	  s	  ⁄	  and	  ⁄	  z	  ⁄	  sounds,	  Jacobs	  et	  al.	  (	  14	  )	  found	  84%	  of	  the	  patients	  
with	  disordered	  speech	  especially	  for	  ⁄	  s	  ⁄	  ⁄	  z	  ⁄	  ⁄	  d	  ⁄	  and	  ⁄	  t	  ⁄	  sounds.	  According	  to	  Molly	  et	  al.	  (	  15	  ),	  
interdental	  phonation	  in	  the	  presurgical	  condition	  changed	  to	  addental	  articulation	  12	  months	  post-­‐
operative	   and	   sigmatism	   stridens	   changed	   into	   addental	   or	   interdental	   articulation	   1	   year	   after	  
implantation	   while	   other	   authors	   (	   13–19	   )	   have	   not	   observed	   this	   phenomenon.	   Also	   the	  
comparison	   between	   several	   studies	   (	   7,	   13–19	   )	   is	   somewhat	   difficult,	   because	   different	   speech	  
assessment	   techniques	   (	   questionnaires,	   perceptual	   evaluation,	   acoustic	   analysis	   )	   and	   different	  
speech	   samples	   (	   counting,	  words	   and	   sentences	   )	  were	   used,	   and	   in	  most	   studies,	   no	   perceptual	  
consensus	  evaluation	  by	  experienced	  speech	  language	  pathologists	  was	  performed.	  In	  addition	  only	  
in	   the	   study	   of	   Jacobs	   et	   al.	   (	   14	   ),	   an	   age-­‐	   and	   gender-­‐related	   control	   group	  was	   used.	   The	  main	  
purpose	  of	  this	  controlled	  study	  was	  to	  determine	  the	  impact	  of	  a	  single-­‐tooth	  implant,	  fixed	  implant	  
prosthesis	   and	   removable	   dental	   prosthesis	   on	   intelligibility,	   articulation	   and	   oromyofunctional	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behaviour	  after	  an	  appropriate	  adaptation	  period.	  Additionally,	  the	  perceived	  overall	  satisfaction	  of	  
the	   dental	   replacement	   and	   the	   self-­‐perceived	   effect	   on	   speech	   was	   also	   questioned.	   Moreover,	  
gender-­‐related	  differences	  regarding	  satisfaction	  were	  analysed.	  Based	  on	   literature	  data,	  phonetic	  
disorders,	   especially	   of	   the	   ⁄	   s	   ⁄	   sound	   and	   slightly	   impaired	   oromyofunctional	   behaviour,	   are	  
hypothesised	   in	   all	   three	   types	   of	   dental	   treatment	   (	   especially	   in	   those	   replacing	  more	   than	   one	  
natural	  tooth	  with	  either	  fixed	  or	  removable	  appliances	  ).	  This	  information	  is	  important	  for	  dentists,	  
orthodontists	  or	   stomatologists	  who	   treat	  professional	   speakers,	   i.e.	   clients	   for	  whom	  the	   smallest	  
articulation	   problem	   may	   have	   career	   consequences	   or	   could	   hamper	   the	   practice	   of	   their	  
profession.	   Given	   the	   growing	   demands	   of	   a	   perfect	   articulation	   in	   today’s	   communication-­‐based	  
society	  and	  the	  lack	  of	  specialized	  speech	  analysis	  for	  Flemish	  speaking	  adults	  describing	  the	  impact	  
of	   dental	   replacement	   on	   articulation	   and	   oromyofunctional	   behaviour,	   additional	   research	   is	  
warranted.	  
	  
MATERIALS	  AND	  METHODS	  
This	  study	  was	  approved	  by	  the	  human	  subject	  committee	  of	  the	  University	  Ghent.	  
Subjects	  
Fifty-­‐three	   subjects	   participated	   in	   this	   study.	   Forty-­‐four	   subjects	   with	   three	   different	   dental	  
procedures	   (	   single-­‐tooth	   implants,	   fixed	   implant	  prosthetics	  or	   removable	  dental	  prostheses	   )	  and	  
nine	   subjects	  with	   correct	   dentition	   (	   control	   group	   )	   responded	  positively	   and	  participated	   in	   this	  
study.	  The	  mean	  chronological	  age	  of	  these	  four	  groups	  did	  not	  differ	  significantly	  (	  P	  <	  0.05	  ).	  This	  
study	   included	   three	   groups	   of	   patients	   consecutively	   treated	   at	   the	   specialist	   clinic	   of	   the	   dental	  
school	  of	   the	  Ghent	  University.	   They	   received,	   respectively,	   a	   single-­‐implant	   restoration	   (SIR),	   a10-­‐
unit	   fixed	   implant	   bone	   prosthesis	   (	   FIP	   )	   on	   four	   implants	   in	   the	   aesthetic	   zone	   of	   the	  maxilla	   or	  
mandible	  or	  a	  new	  set	  of	  completely	  removable	  dentures	  (	  CRD	  )	   in	  both	  maxilla	  and	  mandible.	  All	  
participants	   had	   hearing	   thresholds	   better	   than	   20	   dB	   in	   their	   poorer	   ear	   and	   agreed	   in	   the	  
logopaedic	  assessment.	  	  
Single	   implant	  restoration	  group.	  Fourteen	  subjects	   (	  seven	  women	  and	  seven	  men	  )	  with	  a	  mean	  
age	  of	  48.0	  years	  (	  range:	  23.1–76.7	  years	  )	  were	  randomly	  included	  after	  single-­‐implant	  treatment	  in	  
the	  aesthetic	  zone	  of	  the	  maxilla.	  They	  were	  adapted	  to	  their	  crown	  at	  least	  1	  year.	  All	  patients	  were	  
treated	   by	   the	   same	   clinicians	   (	   F.R.,	   P.C.	   ),	   same	   surgeon	   (	   H.D.B	   ),	   experienced	   in	   prosthetic	  
treatment.	  The	  fluoride-­‐modified	  titanium	  implants*	  were	  all	  installed	  in	  healed	  ridges	  and	  provided	  
with	   a	   provisional	   crown	   immediately	   after	   implant	   insertion	   and	   replaced	   with	   a	   ceramic	   crown	  
after	  2	  months.	  
Fixed	  implant	  prosthesis	  group.	  Fifteen	  subjects	  (	  nine	  women	  and	  six	  men	  )	  with	  a	  mean	  age	  of	  48	  
years	   (	   range	  43–75	  years	   )	  and	   treated	   in	  a	  clinical	   study	  on	   implant	   survival	  using	   the	  all-­‐on-­‐four	  
treatment	  (	  20,21	  )	  concept	  agreed	  to	  participate	   in	  the	   logopaedic	  assessment	  7.3	  months	  (	  range	  
6–8	  months	  )	  after	  FIP	  rehabilitation	  in	  the	  aesthetic	  zone	  of	  either	  mandible	  or	  maxilla.	  The	  all-­‐on-­‐
four	  treatment	  is	  performed	  in	  completely	  edentulous	  maxilla	  or	  mandible	  and	  used	  to	  support	  a	  10-­‐	  
to	  12-­‐unit	  fixed	  bridge	  (	  20,	  21	  ).	  The	  all-­‐on-­‐four	  concept	  is	  performed	  in	  heavily	  resorbed	  cases	  and	  
advocates	  the	  placement	  of	  two	  anterior	  implants	  positioned	  straight	  on	  the	  dental	  arch	  but	  the	  two	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posterior	   implants	   are	   tilted	   to	   avoid	   the	   sinus.	   Surgery	  was	   performed	   by	   the	   same	   experienced	  
surgeon	  (	  H.D.B.	   )	  under	   local	  anaesthesia,	  and	  all	  patients	  received	  four	   implants	   in	   the	  maxilla	  or	  
mandible	  and	  a	  provisional	   fixed	  appliance	  of	  10	  teeth	  within	  one	  day	  after	  surgery.	  Given	  the	  fact	  
that	   the	   surgery	   was	   flapless,	   there	   was	   no	   suturing	   of	   the	   soft	   tissues	   and	   minimal	   swelling	  
occurred.	   The	   provisional	   restoration	   was	   replaced	   by	   a	   conventional	   final	   screw-­‐retained	   jaw	  
anchored	  bridge	  3–4	  months	  after	  initial	  treatment	  with	  12	  teeth.	  
Completely	  removable	  dentures	  group.	  Fifteen	  subjects	   (	  12	  men	  and	  three	  women	  )	  with	  a	  mean	  
age	   of	   57	   years	   (	   range	   54–80	   years	   )	   received	   a	   CRD	   and	   agreed	   to	   participate	   in	   the	   logopaedic	  
assessment	  1	  year	  (	  range	  0.11–1.2	  years	  )	  after	  CRD	  placement.	  
Control	  group.	  For	  the	  comparison	  of	  articulation,	  the	  oromyofunctional	  behaviour	  and	  the	  acoustic	  
characteristics	  of	  the	  ⁄	  s	  ⁄	  sound,	  a	  control	  group	  of	  nine	  subjects	  with	  correct	  dentition	  and	  a	  mean	  
age	   of	   47.6	   years	   (	   range:	   22–61	   years	   )	   was	   randomly	   assembled	   from	   the	   management	   of	   the	  
department.	   These	   control	   subjects	   were	   selected	   based	   on	   the	   following	   criteria:	   none	   of	   the	  
patients	  had	  a	  history	  of	  cleft	  palate,	  craniofacial	  deformities,	  deficiency	  or	  neuromotor	  dysfunction.	  
Methods	  
Objective	   as	   well	   as	   subjective	   assessment	   techniques	   were	   used	   to	   determine	   the	   speech	  
characteristics	   (	   overall	   speech	   intelligibility	   and	   phonetic	   characteristics	   )	   and	   oromyofunctional	  
behaviour	  (	  20,	  22,	  23	  ).	  Speech	  assessments	  and	  oromyofunctional	  evaluations	  were	  performed	  1.5	  
years	  (	  range	  0.11–2.1	  years	  )	  after	  the	  installation	  of	  the	  SIR,	  7.3	  months	  (range	  6–8	  months)	  after	  
placement	  of	  the	  FIP	  and	  1	  year	  (	  range	  0.11–1.2	  years	  )	  after	  placement	  of	  CRD.	  
Impact	  of	  dental	  replacement	  on	  speech	  characteristics	  and	  overall	  satisfaction.	  	  
One	  question	  (	  did	  you	  experience	  any	  speech	  problem	  related	  to	  your	  implant	  )	  of	  the	  Dutch	  version	  
of	   the	   Oral	   Health	   Impact	   Profile	   (	   OHIP-­‐14	   )	   was	   used	   (	   24	   )	   to	   determine	   the	   impact	   of	   the	  
prosthesis	  on	  speech.	  A	  high	  score	  (	  ranging	  from	  0	  to	  4	  )	  implies	  a	  high	  impact	  of	  the	  prosthesis	  on	  
the	   speech	   characteristics.	   Subjects	   were	   also	   asked	   to	   rate	   overall	   satisfaction	   with	   their	   dental	  
replacement	   (	   SIR,	   FIP,	   CRD	   )	   on	   a	   visual	   analogue	   scale	   (	   10	   cm	   ⁄	   100	   points	   format	   )	  with	   100%	  
reflecting	  complete	  satisfaction	  and	  0%	  corresponding	  to	  completely	  not	  satisfied.	  
Articulation	  and	  speech	  intelligibility.	  
Speech	  samples	  for	  the	  assessment	  of	  articulation	  were	  elicited	  by	  means	  of	  a	  picture-­‐naming	  test.	  
This	   test	   requires	   subjects	   to	   name	   black	   and	   white	   drawings	   of	   common	   objects	   and	   actions.	   It	  
elicits	  a	  speech	  sample	  containing	  instances	  of	  all	  Dutch	  single	  sounds,	  and	  most	  consonant	  clusters	  
in	  all	  permissible	  syllable	  position	  (	  see	  Appendix	  )	  (	  24,	  25	  ).	  The	  samples	  were	  recorded	  digitally	  for	  
further	   analysis	   in	   a	   sound-­‐treated	   room	   of	   the	   speech	   department	   of	   the	   University	   Hospital	   of	  
Ghent.	  The	  evaluation	   included	  a	  phonetic	   inventory	  and	  phonetic	  analysis.	  The	  phonetic	   inventory	  
revealed	  which	   consonants	   and	   vowels	   the	  patient	  was	   capable	  of	   producing	   correctly	   in	  his	   ⁄	   her	  
native	   language.	   This	   analysis	   was	   conducted	   without	   making	   reference	   to	   the	   intended	   target	  
sounds.	   A	   sound	   was	   considered	   to	   be	   present	   in	   the	   inventory	   when	   at	   least	   two	   instances	   of	  
correct	  productions	  (	   i.e.	  consistent	  with	  the	  standard	  realisation	  of	  the	  sound	  )	  were	  found.	  In	  the	  
relational	   analysis,	   consonant	   and	   vowel	   productions	  were	   compared	  with	   target	   productions	   and	  
analysed	   for	   error	   	   types	   at	   the	   segment	   level.	   The	   speech	   sample	   gathered	   by	   means	   of	   a	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picturenaming	   test	  was	  also	  used	   to	   judge	  overall	   speech	   intelligibility	   in	  words	  and	  sentences.	  An	  
ordinal	  scale	  with	  four	  levels	  was	  used	  to	  rate	  speech	  intelligibility	  (	  0	  =	  normal	  speech	  intelligibility,	  1	  
=	   mildly	   impaired,	   2	   =	   moderately	   impaired	   and	   3	   =	   severely	   impaired	   speech	   intelligibility	   ).	   All	  
analyses	   (	   for	   articulation	   and	   intelligibility	   )	   were	   based	   on	   a	   consensus	   narrow	   phonetic	  
transcription	   made	   by	   two	   experienced	   speech	   language	   pathologists	   (	   P.M.,	   E.V.K.	   )	   using	   the	  
symbols	   and	   	   iacritics	   of	   the	   International	   Phonetic	   Alphabet.	   Both	   speech	   language	   pathologists	  
were	  blinded	  to	  the	  subject’s	  condition,	  i.e.	  whether	  a	  given	  subject	  belonged	  to	  the	  experimental	  or	  
the	   control	   group.	   Moreover,	   the	   speech	   language	   pathologists	   first	   simultaneously	   and	  
independently	   transcribed	   the	   samples	   before	   comparing	   transcriptions	   or	   intelligibility	   ratings	  
aiming	   at	   a	   consensus.	   Only	   spontaneous	   and	   unequivocal	   naming	   of	   the	   stimulus	   picture	   were	  
retained	   in	   the	   analysis.	   The	   speech	   samples	   thus	   gathered	   consisted	   of	   135	   different	   words.	  
Acoustic	   analysis.	  A	  digital	   sample	  of	   the	   ⁄	   s	   ⁄	   sound	  was	   recorded	   from	   the	  experimental	   and	   the	  
control	  group,	  using	  the	  CSL	  apparatus	  (	  26	  ).	  The	  signals	  were	  sampled	  at	  44	  100	  Hz.	  Subsequently,	  
each	   sample	   was	   visualized	   by	   means	   of	   Praat	   software	   (	   27	   ).	   The	   cursor	   was	   placed	   manually	  
halfway	  the	  visible	  frication	  and	  a	  1-­‐s	  section	  was	  extracted	  from	  each	  ⁄	  s	  ⁄	  token	  using	  a	  Hamming	  
window.	  A	  Praat	   script	  was	  developed	   to	  derive	   spectral	   characteristics,	   i.e.	   the	   spectral	  moments	  	  	  	  	  	  
(	  centre	  of	  gravity,	  standard	  deviation,	  skewness	  and	  kurtosis	  )	  and	  the	  peak	  frequency	  value	  of	  the	  
Fast	  Fourier	  spectrum.	  The	  centre	  of	  gravity	  is	  a	  measure	  of	  the	  average	  height	  of	  the	  frequencies	  in	  
the	   spectrum,	   and	   the	   standard	  deviation	  quantifies	   their	   dispersion	   around	   the	   centre	   of	   gravity.	  
The	  skewness	  is	  a	  measure	  for	  the	  difference	  between	  the	  shape	  of	  the	  spectrum	  above	  and	  below	  
the	  average	   frequency	  value,	  and	   the	  kurtosis	   shows	  how	  much	   the	   shape	  of	   the	   spectrum	  differs	  
from	   a	   Gaussian	   distribution.	   These	   parameters	   quantify	   spectral	   details	   that	   correspond	   to	   the	  
frequency	  of	  fricative	  speech	  sounds	  and	  to	  their	  articulatory	  distinctivity.	  
Oromyofunctional	  assessment.	  	  
During	  oromyofunctional	  assessments,	  five	  functions	  were	  measured	  as	  proposed	  in	  the	  protocol	  of	  
Lembrechts	  et	  al.	  (	  28	  ).	  These	  functions	  were	  lip	  function	  (	  lip	  position	  at	  rest,	  lip	  closure,	  dispersion	  
of	   the	   corners	   of	   the	  mouth,	   lip	   protrusion,	   lip	   strength,	   lip	   position	   during	   swallowing	   ),	   tongue	  
function	   (	   tongue	   position	   at	   rest,	   tongue	   protrusion,	   tongue	   retraction,	   tongue	   lifting	   against	   the	  
upper	   lip,	   tongue	   lifting	   against	   the	   lower	   lip,	   lateral	   movements	   of	   the	   tongue,	   tongue	   position	  
during	   swallowing	   ),	   blowing,	   sucking	   and	   swallowing.	   A	   three-­‐point	   rating	   scale	   was	   used	   (	   0	   =	  
normal	   function,	   1	   =	   decreased	   function,	   2	   =	   function	   impossible	   ).	   The	   presence	   of	   the	   following	  
oromyofunctional	  disorders	  was	  verified:	  presence	  of	  sucking	  habits,	  slavering,	  mouth	  breathing,	  lip	  
incompetence	   and	   bruxism.	   The	   chewing	   function	   was	   not	   tested.	   The	   experienced	   speech	  	  
pathologists	   (	   P.M.,	   E.V.K.	   )	   first	   rated	   independently.	   In	   case	   of	   disagreement,	   the	   samples	   were	  
replayed	  and	  discussed	  until	  a	  consensus	  was	  reached.	  	  
Statistical	  analysis	  
For	  the	  comparison	  between	  the	  overall	  satisfaction	  and	  the	  impact	  on	  speech,	  the	  Mann–Whitney	  
U-­‐test	  was	  performed.	  Several	  Kruskal–Wallis	  tests	  were	  performed	  on	  the	  five	  acoustic	  parameters	  	  
(	   four	  spectral	  moments	   i.e.	  centre	  of	  gravity,	  standard	  deviation,	  skewness	  and	  kurtosis	  as	  well	  as	  
the	  peak	  frequency	  value	  of	  the	  Fast	  Fourier	  spectrum	  ).	  First,	  the	  contrasts	  between	  sibilants	  in	  the	  
speech	  of	  the	  SIR	  users,	  the	  FIP	  users,	  the	  CRD	  users	  and	  the	  norm	  speakers	  were	  evaluated.	  Kruskal–
Wallis	   tests	   were	   also	   performed	   to	   compare	   acoustic	   results	   from	   participants	   who	   produced	   a	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sigmatism	  and	  all	   other	  patients	  who,	   according	   to	   the	  panel	  of	   listeners,	  produced	  a	  normal	   ⁄	   s	   ⁄	  
sound,	  i.e.	  comparison	  of	  all	  deviant	  and	  all	  normal	  sounding	  ⁄	  s	  ⁄	  productions.	  Post	  hoc	  comparisons	  





Impact	   of	   dental	   replacement	   (	   SIR,	   FIP	   and	   CRD	   group	   )	   on	   speech	   characteristics	   and	   overall	  
satisfaction	  The	  overall	  satisfaction	  with	  the	  SIR	  ranged	  from	  100%	  (	  n	  =	  7	  )	  to	  80%	  (	  n	  =	  1	  )	  with	  a	  
mean	  value	  of	  95%.	  The	  overall	  satisfaction	  with	  the	  FIP	  ranged	  from	  50%	  (	  n	  =	  	  1	  )	  to	  100%	  (	  n	  =	  4	  )	  
with	  a	  mean	  value	  of	  87%	  and	  for	  the	  CRD	  group	  from	  20%	  (	  n	  =	  1	  )	  to	  100%	  (	  n	  =	  2	  )	  with	  a	  mean	  
value	  of	  68%.	  The	  overall	  satisfaction	  in	  the	  control	  group	  was	  100%	  (	  n	  =	  9	  ).	  The	  Mann–Whitney	  U-­‐
test	   revealed	   that	   the	   patients	   of	   the	   SIR	   group	   were	   significantly	   more	   satisfied	   (	   P	   <	   0.01)	   in	  
comparison	   with	   the	   CRD.	   No	   other	   significant	   differences	   were	   found	   regarding	   the	   overall	  
satisfaction	  between	  the	  FIP	  and	  SIR.	  No	  gender-­‐related	  differences	  were	  obtained.	  On	  the	  question	  
regarding	  satisfaction	  with	  phonetics	  (	  question	  1	  of	  the	  OHIP	  ),	  0%	  of	  the	  control	  group	  (	  n	  =	  9	  ),	  0%	  
of	   the	  SIR	  users	   (	  n	  =	  14	  ),	  53%	  (	  n	  =	  8	   )	  of	   the	  FIP	  subjects	  and	  33%	  (	  5	  ⁄	  15	   )	  of	   the	  CRD	  subjects	  
mentioned	   problems	   with	   speech	   after	   placement.	   According	   to	   these	   subjects	   speech	   problems	  
were	  effectively	  related	  to	  their	  dental	  treatment.	  The	  Mann–Whitney	  U-­‐test	  revealed	  a	  significant	  
difference	  between	  the	  satisfaction	  with	  phonetics	  of	  the	  SIR,	  the	  CRD	  group	  (	  P	  =	  0.03	  )	  and	  the	  FIP	  
subjects	  (	  P	  <	  0.01	  ).	  
Articulation,	  speech	  intelligibility	  and	  oromyofunctional	  disorders	  
All	  the	  subjects	  of	  the	  SIR	  group,	  the	  FIP,	  the	  CRD	  group	  and	  the	  control	  group	  had	  a	  normal	  speech	  
intelligibility	  (	  consensus	  evaluation	  100%	  ).	  The	  phonetic	  inventories	  showed	  that	  all	  subjects	  (	  SIR,	  
FIP,	   CRD	   and	   the	   control	   group	   )	   were	   capable	   of	   producing	   all	   Dutch	   vowels	   and	   consonants.	   A	  
sound	  was	  considered	  to	  be	  present	  in	  a	  subject’s	   inventory	  when	  at	   least	  two	  instances	  of	  correct	  
production	  of	  the	  sound	  were	  found.	  None	  of	  the	  subjects	  showed	  a	  distortion	  of	  the	  vowels	  or	  semi-­‐
vowels.	  The	  total	  percentage	  of	  subjects	  presented	  with	  one	  or	  more	  distortions	  of	  the	  consonants	  
was	  57%	  (	  8	  ⁄	  14	  )	  for	  the	  SIR	  users	  (	  100%	  consensus	  evaluation	  ),	  87%	  (	  13	  ⁄	  15	  )	  for	  the	  FIP	  group	  	  	  	  	  	  
(	  100%	  consensus	  evaluation	  )	  and	  60%	  (	  9	  ⁄	  15	  )	  for	  the	  CRD	  group	  (	  98%	  consensus	  evaluation	  ).	  In	  
the	   control	   group,	   the	   phonetic	   characteristics	   were	   normal	   (	   100%	   consensus	   evaluation	   ).	  
Significantly	   (	   P	   =	   0.02	   )	  more	   subjects	  with	   FIP	   produced	   a	   phonetic	   disorder	   in	   comparison	  with	  
both	  the	  SIR,	   the	  CDR	  group	  and	  the	  control	  group.	  An	  overview	  of	   the	  phonetic	  distortions	   in	   the	  
subjects	  with	  dental	  replacement	  is	  presented	  in	  Table	  1.	  Oromyofunctional	  behaviour	  in	  all	  groups	  
was	  observed	  as	  normal.	  Only	  in	  one	  subject	  of	  the	  FIP	  group,	  one	  subject	  had	  restrictions	  regarding	  
the	  dispersion	  of	  the	  corners	  of	  the	  mouth	  (	  consensus	  100%	  ).	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Acoustic	  analysis	  
The	   Kruskal–Wallis	   test	   on	   the	   five	   acoustic	   parameters	   across	   the	   four	   categories	   of	   participants	  
revealed	   no	   significant	   differences	   except	   for	   the	   second	   spectral	   moment,	   i.e.	   the	   standard	  
deviation	  of	  frequencies	  in	  the	  Fast	  Fourier	  spectrum	  (	  P	  <	  0.05	  ).	  The	  mean	  values	  of	  this	  parameter	  
are	  shown	  in	  Table	  2.	  	  
	  
Post	   hoc	  Mann–Whitney	  U-­‐test	   comparisons	  made	   clear	   that	   the	   FIP	   and	   CRD	   results	   significantly	  
differ	  from	  the	  norm	  speakers’	  results	   	  (	  P	  <	  0.05	  ).	  Also,	  FIP	  results	  differ	  significantly	  from	  the	  SIR	  
users’	   results	   (	  P	  <	  0.05	   ).	  The	  Kruskal–Wallis	   test	  on	  all	  acoustic	  parameters	   from	  the	   ⁄	   s	   ⁄	   sounds	  
produced	  by	   patients	   perceived	   as	   having	   a	   sigmatism	   (	   SIR	   group	   :	   n	   =	   8,	   FIP	   group:	   n	   =	   12,	   CRD	  
group:	   n	   =	   8	   )	   versus	   those	   perceived	   as	   producing	   a	   normal	   ⁄	   s	   ⁄	   again	   revealed	   no	   significant	  
differences	  except	  for	  the	  second	  spectral	  moment	  	  (	  P	  <	  0.05	  ).	  In	  Fig.	  10.1,	  respectively,	  Fig.	  10.2,	  
the	  sample	  outcome	  of	  the	  spectral	  analyses	  of	  the	  [s]	  sound	  articulated	  by	  a	  subject	  of	  the	  control	  
group	  and	  a	  subject	  with	  a	  SIR	  is	  provided.	  In	  Fig.	  10.1,	  the	  spectral	  moments	  were	  9629	  Hz	  (centre	  
of	   gravity	   ),	   1685	   Hz	   (	   standard	   deviation	   ),	   )0.29	   (	   skewness	   )	   and	   3.07	   (	   kurtosis	   ).	   In	   cases	   of	  
sigmatism,	   the	   standard	   deviation	   was	   significantly	   higher,	   i.e.	   the	   dispersion	   of	   energy	   over	   the	  
frequency	  continuum	  was	  larger	  as	  shown	  in	  Fig.	  10.2.	  In	  Fig.	  10.2,	  the	  spectral	  moments	  were	  7170	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Hz	   (	   centre	   of	   gravity	   ),	   2992	   Hz	   (	   standard	   deviation	   ),	   0.46	   (	   skewness	   )	   and	   )0.49	   (	   kurtosis	   ).	  
Typically,	  the	  standard	  deviation	  is	  higher	  than	  the	  value	  in	  Fig.	  10.1.	  
	  
	  
Fig.	  10.1.	  Sample	  outcome	  of	  the	  spectral	  analyses	  of	  the	  [s]	  sound	  articulated	  by	  the	  subjects	  of	  the	  control	  group.	  In	  this	  
example,	  the	  spectral	  moments	  were	  9629	  Hz	  (centre	  of	  gravity),	  1685	  Hz	  (standard	  deviation),	  )0.29	  (skewness)	  and	  3.07	  
(kurtosis).	   In	   cases	   of	   sigmatism,	   the	   standard	   deviation	   was	   significantly	   higher,	   i.e.	   the	   dispersion	   of	   energy	   over	   the	  






Fig.	   10.2.	   Sample	  outcome	  of	   the	   spectral	   analyses	  of	   the	   [s]	   sound	  articulated	  by	  one	  of	   the	   subjects	  with	  a	   SIR.	   In	   this	  
example,	  the	  spectral	  moments	  were	  7170	  Hz	  (centre	  of	  gravity),	  2992	  Hz	  (standard	  deviation),	  0.46	  (skewness)	  and	  )0.49	  
kurtosis).	  Typically,	  the	  standard	  deviation	  is	  higher	  than	  the	  value	  in	  Fig.	  1.	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DISCUSSION	  
The	  present	  detailed	   controlled	   study	   compared	   the	   impact	  of	   three	   types	  of	  dental	   replacements	  
namely	  SIR,	  FIP	  and	  CRD	  on	  both	  speech	  intelligibility,	  articulation	  (	  perceptual	  and	  acoustic	  analysis	  )	  
and	   oromyofunctional	   behaviour.	   Additionally,	   the	   perceived	   overall	   satisfaction	   of	   the	   dental	  
replacement	  and	  the	  self-­‐perceived	  effect	  on	  speech	  was	  questioned.	  The	  mean	  overall	  satisfaction	  
of	  the	  SIR	  group	  was	  very	  high	  (	  100%	  )	  and	  has	  the	  same	  overall	  satisfaction	  as	  the	  control	  group,	  
followed	  by	  an	  overall	  satisfaction	  of	  87%	  for	  the	  FIP.	  Taking	  into	  account	  the	  aspect	  of	  ‘‘removable’’	  
dental	   elements,	   a	   comprehensible	   significantly	   higher	   satisfaction	  of	   the	   SIR	   group	   in	   comparison	  
with	   the	   CRD	   (	   68%	   )	   was	   obtained.	   The	   gender-­‐related	   satisfaction	   also	   measured	   with	   a	   visual	  
analogue	   scale	   (	   females	   rate	   their	   overall	   satisfaction	   significantly	   higher	   than	   the	   males	   )	   as	  
described	  in	  the	  study	  of	  Awad	  and	  Feine	  (	  29	  )	  could	  not	  be	  found	  in	  this	  study.	  Hypothetically,	  one	  
can	  assume	  that	  differences	  in	  age	  (	  range	  35–65	  years	  in	  the	  study	  of	  Awad	  and	  Feine	  (	  29	  )	  versus	  
23–80	  years	  in	  this	  study	  ),	  type	  of	  prostheses	  (mandibular	  prostheses	  versus	  SIR	  and	  FIP	  in	  this	  study	  
)	   and	   other	   factors	   like	   previous	   edentulous	   periods,	   appearance	   and	   functionality	   of	   the	   dental	  
replacements	   and	   counselling	   could	   play	   a	   role.	   These	   different	   aspects	   of	   satisfaction	   were	   not	  
addressed	  and	  could	  be	  seen	  as	  a	   limitation	  of	   this	  study.	  Regarding	  the	  self-­‐perceived	  satisfaction	  
with	  phonetics,	  significantly	  more	  subjects	  with	  FIP	  and	  CRD	  mentioned	  speech	  problems	  related	  to	  
their	  dental	  treatment	  in	  comparison	  with	  the	  SIR	  and	  the	  control	  group.	  This	  finding	  in	  this	  study	  is	  
in	  agreement	  with	  the	  report	  of	  Vermylen	  et	  al.	  (	  11	  )	  and	  Pjeturson	  et	  al.	  (	  12	  ).	   In	  most	  SIR	  users,	  
the	   implant	   can	   be	   installed	   in	   proper	   position,	   because	   bone	   resorption	   and	   crestal	   changes	   are	  
limited.	  Possible	  misplacement	  out	  of	  the	  direction	  of	  the	  dental	  arch	  inflicting	  problems	  with	  correct	  
tongue	   position	   and	   consequently	   phonetics	   can	   be	   easily	   avoided.	   These	   above-­‐mentioned	   self-­‐
perceived	  findings	  are	  totally	  in	  agreement	  with	  the	  results	  of	  the	  consensus	  phonetic	  analyses.	  
The	   results	   of	   the	   phonetic	   analyses	   showed	   that	   only	   one	   type	   of	   articulation	   disorders	   was	  
observed	  in	  the	  SIR	  group,	  followed	  by	  three	  types	  of	  articulation	  disorders	  in	  the	  CRD	  group	  and	  six	  
types	  of	  disorders	  in	  the	  FIP	  group.	  In	  the	  FIP	  group,	  not	  only	  87%	  (	  13	  ⁄	  15	  )	  of	  the	  subjects	  showed	  
distortions	  of	  one	  or	  more	  consonants	  but	  most	   consonants	  of	   the	  Dutch	   language	   (	  27%,	  6	   ⁄	  22	   )	  
were	   disturbed	   in	   comparison	  with	   the	   CRD	   (	   14%,	   3	   ⁄	   22	   )	   and	   the	   SIR	   (	   5%,	   1	   ⁄	   22	   )	   group.	   The	  
alveolar	   fricative	   ⁄	   s	   ⁄	   was	   disturbed	   in	   more	   than	   50%	   of	   both	   the	   SIR,	   FIP	   and	   CRD	   group.	   As	  
hypothesised,	   the	   ⁄	   s	   ⁄	   is	   a	   vulnerable	   sound	   because	   the	   teeth	   are	   significantly	   involved	   in	   the	  
production	   of	   the	   ⁄	   s	   ⁄	   and	   after	   linguo	   alveolar	   contact	   and	   narrow	   air	   blade	   the	   airstream	  
pathologist	   must	   be	   aware	   of	   the	   persistency	   (	   even	   one	   year	   after	   placemen	   t)	   of	   a	   sigmatism	  
stridens	  or	  simplex	  in	  these	  subjects.	  Also	  the	  alveolar	  fricative	  ⁄	  z	  ⁄	  ,	  the	  prepalatal	  fricatives	  ⁄	  ʃ	  ⁄	  and	  
⁄	  ʒ	  ⁄	  (	  produced	  with	  insufficient	  frication	  )	  and	  the	  alveolar	  explosives	  ⁄	  t	  ⁄	  and	  ⁄	  d	  ⁄	  (	  produced	  with	  
addental	  production	   )	   are	  vulnerable	   sounds	  and	  are	  disturbed	  especially	   in	   the	  FIP	  group	  without	  
disturbing	  the	  overall	  speech	  intelligibility.	  The	  nature	  of	  these	  phonetic	  errors	  was	  not	  the	  purpose	  
and	   cannot	   be	   explained	   from	   this	   study.	   The	   use	   of	   palatography	   during	   the	   production	   of	   these	  
vulnerable	   sounds	   in	   isolated	   position	   or	   specific	   words	   may	   specify	   the	   tongue-­‐alveolar	   ridge	  
relationship	   and	   is	   subject	   for	   further	   research.	   Another	   study	   design	   using	   a	   prospective	   cohort	  
approach	  with	  more	  appropriate	  baseline	  measurements	  will	   be	  used.	  Acoustic	  analysis	  points	   the	  
second	  spectral	  moment	  of	  sibilants	  (i.e.	  the	  dispersion	  of	  energy	  around	  the	  centre	  of	  gravity	  in	  the	  
noise	   spectrum)	   as	   an	   objective	   index	   for	   evaluation	   and	   follow-­‐up	   of	   articulation.	   The	   spectral	  
content	  of	  sibilants	   is	  a	   function	  of	  place,	  degree,	  and	   length	  of	   the	  articulatory	  constriction	   in	   the	  
anterior	  oral	  cavity.	  According	  to	  the	  present	  analyses,	  only	  SIR	  users	  approach	  normality,	  while	  FIP	  
173
Chapter	  10	  –	  COMPARISON	  OF	  SPEECH	  AND	  ORAL	  FUNCTION	  WITH	  DIFFERENT	  DENTAL	  PROSTHESES
	   	   	  
results	  are	  at	  the	  other	  end	  of	  the	  continuum.	  Subjective	  evaluation	  (sigmatism	  or	  not)	  only	  roughly	  
correlates	  with	  these	  results	  from	  acoustic	  analysis.	  The	  drawback	  of	  subjective	  evaluation,	  however,	  
usually	  lies	  in	  the	  instruction	  of	  the	  raters	  and	  the	  consistency	  of	  their	  ratings.	  Whether	  the	  different	  
timing	  in	  speech	  assessments	  after	  dental	  replacement	  could	  influence	  the	  speech	  characteristics	  is	  
subject	   for	   further	   research.	   In	   conclusion,	   the	   results	   of	   the	   detailed	   analyses	   revealed	   a	   normal	  
speech	   intelligibility	   and	   normal	   oromyofunctional	   behaviour	   in	   the	   three	   groups	   of	   dental	  
replacements.	   Especially,	   the	   SIR	   group	   reported	   a	   high	   self-­‐perceived	   satisfaction	  with	   both	   their	  
dental	  replacement	  and	  speech.	  These	  self-­‐perceived	  findings	  were	  in	  agreement	  with	  the	  consensus	  
perceptual	  evaluation	  and	  the	  results	  of	  the	  acoustic	  analysis.	  Only	  one	  type	  of	  articulation	  disorders	  
was	  observed	  in	  the	  SIR	  group,	  followed	  by	  three	  types	  of	  articulation	  disorders	  in	  the	  CRD	  group	  and	  
six	   types	  of	  disorders	   in	   the	  FIP	  group.	  Special	  attention	  must	  be	  paid	   to	   the	  alveolar	   fricative	  ⁄	  s	   ⁄	  
because	   in	  more	   than	  50%	  of	  all	   groups,	   this	   sound	   is	  disturbed.	  To	  what	  extent	  a	  motor-­‐oriented	  
speech	   therapy	   immediately	   post-­‐dental	   replacement	   with	   focus	   on	   the	   tongue	   function	   and	   the	  
production	  of	  a	  sufficient	  tongue	  groove	  and	  frication	  of	  the	  airstream	  during	  the	  production	  of	  the	  ⁄	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Chapter	  11	  -­‐	  DISCUSSION	  
	  11.1	  BONE	  HEALING	  IN	  CONJUCTION	  WITH	  BIOMATERIALS	  AND	  GRAFTING	  PROCEDURES	  
	  
11.1.1	   Bone	  substitutes	  for	  ridge	  preservation	  
	  
During	  the	  last	  decennia,	  preservation	  of	  the	  alveolar	  ridge	  (	  AR	  )	  and	  prevention	  of	  	  edentulous	  jaw	  
atrophy	  has	  gained	  a	  lot	  of	  interest.	  Maintenance	  of	  the	  height	  and	  width	  of	  the	  alveolar	  crest	  is	  of	  
great	  importance	  when	  placement	  of	  dental	  implants	  is	  foreseen	  1.	  Preservation	  of	  the	  alveolar	  bone	  
structures	  may	   play	   an	   even	   greater	   role	   given	   its	   importance	   in	   preserving	   aesthetics,	   the	   latter	  
being	  predominant	  patients’	  demands	  of	   today.	  Periodontal	  diseases	  and	  mechanical	   trauma	  often	  
result	  in	  bone	  loss	  prior	  to	  tooth	  removal.	  Traumatic	  extraction	  also	  appears	  to	  be	  associated	  with	  a	  
substantial	   amount	   of	   bone	   loss.	   Following	   tooth	   extraction,	   the	   AR	   undergoes	   an	   inevitable	  
remodeling	   process	   followed	   by	   additional	   changes	   2,	   3.	   The	   need	   for	   preservation	   of	   the	   alveolar	  
crest	  is	  dictated	  by	  the	  number	  of	  tooth	  extractions.	  Partially	  edentulous	  crests	  seem	  to	  atrophy	  less	  
because	  neighboring	  teeth	  assure	  bone	  preservation.	  In	  a	  recent	  review,	  the	  mean	  reduction	  of	  the	  
alveolar	   ridge	  after	  normal	   tooth	  extraction	  and	  unassisted	   socket	  healing	   varied	  between	  2.6±2.3	  
mm	  and	  4.6±0.3	  mm.	  The	  mean	  reduction	  of	  the	  height	  of	  the	  crest	  was	  	  between	  0.8±1.6	  mm	  and	  
3.6+/-­‐1.5	  mm	  after	  1	  to	  9	  months	  of	  healing	  1.	  A	  previously	  published	  clinical	  study	  confirms	  that	  95%	  
of	   the	   AR	   resorption	   and	   soft	   tissue	   changes	   should	   be	   expected	   within	   the	   first	   3	   months	   after	  
extraction4.	   These	   results	   are	   in	   agreement	   with	   other	   published	   results,	   reporting	   an	   average	  
reduction	  of	  the	  AR	  width	  (	  horizontal	  resorption	  )	  that	  seemed	  to	  be	  higher	  than	  the	  reduction	  in	  AR	  
height	  (	  vertical	  resorption	  )	  (	  3.87mm	  versus	  1.67mm	  )	  5.	  Thus,	  the	  resorption	  rate	  of	  the	  AR	  is	  faster	  
during	   the	   first	   six	   months	   following	   extraction	   and	   proceeds	   on	   average	   0.5%	   yearly	   for	   the	  
remaining	  entire	  life.	  The	  height	  of	  a	  healed	  extraction	  socket	  never	  reaches	  the	  original	  coronal	  level	  
and	   the	   horizontal	   resorption	   seems	   to	   be	   greater	   in	   molars	   compared	   to	   premolars.	   Ashman	  
reported	   an	   alveolar	   bone	   shrinkage	   of	   40-­‐60%	   in	   height	   and	  width	  within	   the	   first	   3	   years	   6.	   The	  
resorption	  rate	  of	  the	  mandible	  is	  four	  times	  this	  of	  the	  maxilla.	  It	  is	  obvious	  that	  these	  remodeling	  
processes	  have	   impact	  on	   implant	   therapy.	   To	   reduce	  or	  eliminate	  AR	   resorption	  during	   the	   initial	  
healing	   of	   the	   alveolar	   extraction	   socket,	   immediate	   implant	   placement	   was	   suggested	   7.	   Other	  
authors	  reported	  that	  immediate	  placement	  of	  the	  dental	   implant	  failed	  to	  prevent	  the	  remodeling	  
in	  the	  socket	  walls.	  The	  height	  of	  the	  buccal	  and	  lingual	  wall	  was	  similar	  compared	  to	  extraction	  after	  
3	  months	   but	   the	   vertical	   bone	   loss	   at	   the	   buccal	  wall	  was	  more	   pronounced	   3.	  When	   immediate	  
implant	  placement	   is	   performed,	  many	   clinicians	   feel	   the	  need	   to	   fill	   the	   gap	  between	  buccal	  wall	  
and	  implant	  (	   jumping	  distance	  )	  by	  either	  choosing	  a	  larger	   implant	  or	  adding	  grafting	  materials.	   It	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was	  reported,	  however,	  that	  a	  jumping	  distance	  of	  less	  than	  2	  mm	  can	  heal	  spontaneously	  and	  even	  
over	   2	  mm	   gaps	   can	   still	   promote	   new	  bone	   formation	   and	   enhance	   the	   level	   of	   bone-­‐to-­‐implant	  
contact	  8.	  
	  
Implant	   dentistry	   has	   continuously	   evolved	   and	  moved	   from	   straightforward	   cases	   towards	   more	  
difficult	   and	   complex	   treatments.	   This	   evolution	   yielded	   more	   sophisticated	   protocols.	   Several	  
methods	  for	  AR	  preservation	  have	  been	  investigated	  such	  as	  socket	  grafting	  with	  autogenous	  bone	  	  	  	  
(	  AB	   ),	   the	  use	  of	  demineralised	   freeze-­‐dried	  bone	  allograft	   (	  DFDBA	   ),	   xenografts	   like	  bovine-­‐bone	  
mineral	   (	   BBM	   ),	   alloplasts	   and	   bone	   morphogenic	   proteins	   (	   BMP	   ).	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Guided	  bone	  regeneration	  (	  GBR	  )	  has	  also	  been	  evaluated,	  with	  or	  without	  bone	  grafts.	  Placement	  
of	   a	   material	   in	   the	   socket	   may	   accelerate	   new	   bone	   formation	   and	   reduce	   the	   AR	   resorption	  
because	   it	  stabilizes	  the	  blood	  clot	  and	  acts	  as	  a	  scaffold	  for	  bone	   ingrowth.	  The	  used	  biomaterials	  
can	   be	   categorized	   into	   allografts,	   xenografts	   and	   alloplastic	   materials.	   The	   effectiveness	   of	   the	  
biomaterial	   is	   linked	   to	   the	   properties	   like	   osteoconduction,	   osteoinduction	   and	   osteogenetic	  
characteristics	  of	   the	  graft.	   It	   is	   important	   	   that	   they	  are	   safe	   for	   implantation	   in	   the	  human	  body	  
specified	   as	   non-­‐carcinogenic,	   non-­‐antigenic,	   radiopaque,	   easy	   to	   handle	   and	   versatile.	   Bone	  
substitutes	  do	  not	  provide	  the	  cellular	  elements	  necessary	  for	  osteogenesis	  and	  are	  considered	  to	  be	  
just	   osteoconductive.	   Consequently,	   	   a	   longer	   healing	   time	   is	   required.	   Additionally,	   a	   careful	  
preoperative	  evaluation	  of	  the	  extend	  and	  the	  morphology	  of	  the	  defect	  is	  decisive	  in	  the	  outcome	  
because	   it	   is	  more	   predictable	   to	   reconstruct	   a	   deep	   small	   localized	   defect	   surrounded	   by	   natural	  
bone	  than	  a	  superficial	  more	  extended	  defect	  with	  no	  remaining	  bone	  walls.	  	  In	  clinical	  practice	  the	  
usage	  of	  BBM	   in	   fresh	  extraction	  sockets	   is	  often	  performed	  resulting	   in	  a	   limited	  reduction	  of	   the	  
AR,	   although	   delayed	   initial	   socket	   healing	   in	   terms	   of	   new	   bone	   formation	   was	   also	   observed	   9.	  
Similar	  unfavorable	  observations	  were	  reported	   in	  human	  studies	  for	  DFDBA	  10.	  The	  changes	   in	  the	  
AR	   were	   not	   accompanied	   by	   a	   higher	   amount	   of	   new	   bone	   formation.	   The	   quality	   of	   the	   newly	  
formed	   bone	   was	   comparable	   to	   normal	   healing.	   Furthermore,	   a	   mixture	   of	   new	   bone	   and	  
connective	  tissue	  with	  inclusion	  of	  the	  graft	  particles	  was	  found	  in	  the	  sockets	  11.	  Very	  often	  the	  use	  
of	   membranes	   is	   advocated	   to	   separate	   the	   filled	   defect	   with	   biomaterial	   from	   the	   soft	   tissues	  
competing	  with	  the	  bone	  healing	  process.	  Membranes	  can	  be	  used	  alone	  or	   in	  combination	  with	  a	  
graft,	   in	   order	   to	   exclude	   ingrowth	   of	   epithelial	   cells.	   GBR	   alone	   resulted	   in	   significantly	   less	  
resorption	   in	  AR	  width	   and	  height,	   if	   healing	  was	  uncompromised,	   compared	   to	   unassisted	   socket	  
healing	  after	  6	  months	  12.	  GBR	  with	  a	  graft	  and	  membrane	  resulted	   in	   less	  resorption	   in	  width	  and	  
height	   and	   in	   new	   bone	   formation,	   although	   graft	   particles	   were	   sometimes	   surrounded	   by	  
connective	   tissue	   or	   bone.	  Histologic	   studies	   concerning	   the	   use	   of	   bioactive	  materials	   like	   BMP-­‐2	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11.1.2	  	   HA	  and	  β-­‐TCP	  as	  socket	  filler	  
In	  2006	  a	  new	  bone	  substitute	  was	  commercially	   launched	  (	  BoneCeramicTM,	  Straumann	  AG,	  Basel,	  
Switzerland	   ).	   BoneCeramicTM	   is	   a	   fully	   synthetic	   bone	   substitute	   composed	   of	   a	   biphasic	   calcium	  
phosphate	   (	  60%	  HA	  and	  40%	  beta-­‐TCP	   ).	   	   It	   is	   composed	   	  of	  a	  non-­‐absorbable,	   	  bio-­‐inert	  material	  
(HA)	   and	   a	   	   highly	   resorbable	   material	   (TCP)	   and	   was	   designed	   for	   augmenting	   bone	   to	   allow	  
placement	   of	   dental	   implants.	   As	   a	   result	   the	   BoneCeramicTM	   was	   announced	   as	   bioactive,	   bio-­‐
resorbable,	   biocompatible	   as	  well	   as	   highly	   osteoconductive	   13,	   14.	   The	   results	   of	   the	   usage	   of	   this	  
product	  are	  described	  in	  detail	  in	  paper	  I	  and	  reprinted	  in	  Chapter	  3	  paper1.	  	  	  
Basically	   bone	   regeneration	   in	   healing	   sockets	   was	   analysed	   both	   clinically	   and	   histologically	   in	   a	  
patient	   sample	   treated	   with	   the	   bone	   filling	   material.	   The	   case	   series	   involved	   ten	   patients,	  
presenting	   for	   multiple	   extractions	   due	   to	   periodontal	   disease	   and	   planned	   for	   later	   implant	  
placement.	   Extraction	   sockets	   with	   intact	   buccal	   and	   palatal	   bone	   plate	   were	   filled	   with	  
BoneCeramicTM	  mixed	  with	  own	  blood.	   In	  every	  patient	  at	   least	  one	  socket	  was	  not	  substituted	  an	  
was	  randomly	  selected	  for	  normal	  healing.	  Bone	  cores	  from	  15	  substituted	  and	  10	  naturally	  healed	  
sockets	  were	   sampled	   for	   histological	   analysis	   at	   the	   time	   of	   implant	   surgery.	   In	   total	   24	   biopsies	  
were	  available,	  10	   from	  substituted	  and	  10	   from	  natural	  healed	   sockets.	   The	  average	  healing	   time	  
was	   22	  weeks	   (range	   6-­‐74).	   In	   2	   patients	   bone	   substitution	   of	   the	   graft	   (after	   8	   and	   21	  weeks	   of	  
healing)	  was	  totally	  ineffective	  and	  sampling	  was	  impossible	  due	  to	  complete	  lack	  of	  mineralisation.	  
These	  4	  biopsies	  were	   lost	   for	   the	  analysis.	  Although	  all	  biopsy	   locations	  were	  planned	   for	   implant	  
placement,	   in	   4	   substituted	   sites	   this	   was	   not	   possible	   due	   to	   inappropriate	   healing	   of	   the	   bone.	  
Clinically	  this	  bone	  was	  significantly	  softer	  than	  in	  control	  sites	  which	  often	  compromised	  the	  initial	  
stability	  of	  the	  implants	  in	  the	  substituted	  sockets,	  leading	  to	  the	  use	  of	  wider	  implants.	  Preliminary	  
histological	   findings	   included	   the	   presence	   of	   large	   amounts	   of	   non-­‐resorbed	   biomaterial	   in	   60%,	  
poor	  formation	  of	  new	  bone	  as	  compared	  to	  controls	  in	  80%	  and	  chronic	  inflammation	  in	  70%	  of	  the	  
sections.	   Cbfa1	   en	   osteocalcin	   reactivity	   were	   significantly	   weaker	   in	   the	   experimental	   samples,	  
indicating	  poor	  osteoblast	  differentiation.	   	  The	  BoneCeramicTM	  grafted	  	  extraction	  sockets	  yielded	  a	  
new	  bone	  formation	  that	  was	  consistently	  poorer	  than	  untreated	  sockets	  after	  natural	  healing	  15.	  The	  
grafted	   sockets	   showed	   a	   predominantly	   loose	   connective	   tissue	   and	   less	   woven	   bone.	   Many	  
biomaterials,	  used	  for	  AR	  preservation,	   limit	  to	  a	  certain	  extend	  AR	  resorption	   in	  height	  and	  width.	  
However	  remnants	  of	  biomaterial	  most	  often	  interfere	  with	  normal	  wound	  healing	  16.	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The	  fact	  that	  this	  study	  is	  a	  human	  study	  with	  histological	  biopsies,	  explains	  the	  limited	  sample	  size	  
and	  the	  sample	  disparity.	  A	  number	  of	  additional	  aspects	  have	  to	  be	  considered	  when	   interpreting	  
the	  data.	  Biopsies	  can	  make	  sample	  interpretation	  challenging	  because	  they	  do	  not	  incorporate	  the	  
cross	   section	   of	   the	   AR	   or	   variables	   in	   sample	   size.	   	   Nevertheless,	   the	   outcome	   showed	   that	   the	  
overall	   bone	   quality	   was	   inferior	   to	   the	   naturally	   healed	   socket.	   Mardas	   et	   al.	   17	   compared	   ridge	  
preservation	   using	   BoneCeramicTM	   or	   Bio-­‐	   Oss®	   (	   Geistlich	   Pharma	   AG,	   Wolhusen,	   Switzerland	   ).	  
Histological	  analysis	  showed	  new	  bone	  formation	  in	  the	  apical	  part	  of	  the	  biopsies	  but	  dens	  fibrous	  
connective	   tissue	   surrounding	   the	   graft	   particles	   at	   the	   coronal	   part	   of	   the	   alveolus.	   	   However,	   in	  
their	  study	  a	  membrane	  was	  used	  to	  cover	  the	  grafted	  sockets,	  which	  was	  not	  the	  case	  in	  our	  study.	  
This	   could	   possibly	   explain	   the	   different	   finding	   in	   our	   study,	   although	   we	   aimed	   to	   close	   the	  
extraction	  defect	  with	  a	  mucoperiosteal	   flap.	  Whether	  the	   initial	  closure	  of	  the	  extraction	  defect	   is	  
absolutely	   necessary	   was	   recently	   questioned.	   Fickl	   et	   al.	   18	   performed	   a	   clinical	   study	   whereby	  
extraction	   sockets	  were	   covered	  with	   a	   free	   gingival	   graft	   in	   order	   to	   preserve	   the	   alveolar	   ridge.	  
They	   revealed	   that	   this	   technique	   did	   not	   preserve	   but	   showed	   the	   potential	   to	   limit	   the	   contour	  
shrinkage	  19.	  This	  was	  confirmed	  in	  the	  systematic	  review	  of	  Tan	  et	  al.	  20	  	  and	  in	  the	  narrative	  report	  
performed	   in	   the	   third	   EAO	   Consensus	   Conference	   of	   2012	   21.The	   overall	   consensus	   in	   literature	  
today	  is	  that	  soft	  tissue	  grafts	  or	  primary	  closure	  do	  not	  show	  a	  beneficial	  effect	  on	  the	  alveolar	  bone	  
preservation.	  Systematic	  	  reviews	  in	  literature	  on	  human	  histological	  outcome	  in	  terms	  of	  the	  quality	  
and	   the	   composition	   of	   newly	   formed	   bone	   in	   sockets	   treated	   with	   biomaterials	   1	   and	   studies	  
comparing	  	  biopsies	  with	  normal,	  non-­‐assisted	  wound	  healing	  are	  lacking	  22.	  Many	  new	  biomaterials	  
are	  CE	  marked	  but	  not	  always	  supported	  by	  adequate	  clinical	  studies	  or	  launched	  with	  clear	  clinical	  
guidelines.	  	  Follow-­‐up	  times	  are	  often	  short	  and	  healing	  periods	  too	  dispersed,	  making	  it	  difficult	  to	  
predict	  long	  term	  outcome	  and	  compare	  percentages	  of	  new	  bone	  formation.	  Many	  studies	  differ	  in	  
aspects	  like	  flap	  management,	  wound	  closure,	  smoking	  habits	  or	  do	  not	  report	  inclusion	  or	  exclusion	  
criteria.	  Many	  studies	  lack	  histomorphometrical,	  clinical	  and	  radiological	  evaluation.	  Measurement	  of	  
the	  AR	  width	  and	  height	  at	   time	  of	   re-­‐entry	   (	   implant	  placement	   )	  are	  considered	  as	  most	  reliable.	  
Nevertheless,	  the	  protocol	  used	  in	  this	  study	  is	  very	  similar	  to	  the	  one	  used	  in	  daily	  practice.	  	  
	  
In	   conclusion	   the	   present	   preliminary	   findings	   are	   indicative	   of	   a	   poor	   resorption/substitution	   of	  
BoneCeramicTM	   	   in	   human	   alveolar	   bone	   augmenting	   procedures	   after	   tooth	   extraction.	   The	  
indication	  of	  BoneCeramicTM	  	  as	  an	  augmentation	  material,	  especially	  when	  later	  implant	  placement	  
is	   advocated,	   should	   be	   revised.	   Further	   research	   may	   be	   needed	   to	   analyse	   both	   the	   biological	  
mechanisms	  and	  the	  long-­‐term	  clinical	  benefits	  of	  this	  procedure.	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11.1.3	   Bone	  grafts	  with	  or	  without	  biomaterials	  in	  sinus	  augmentation	  
	  
Implant	   procedures	   in	   the	   edentulous	   maxilla	   often	   pose	   a	   problem	   of	   insufficient	   bone	   volume	  
especially	   	   in	   the	   posterior	   parts	   of	   the	   upper	   jaw.	   This	   problem	   is	   not	   only	   restricted	   to	   the	   fully	  
edentulous	   patient	   but	   also	   observed	   in	   patients	   in	   need	   of	   implant	   supported	   partial	   prosthetic	  
reconstruction	   23.	   To	   overcome	   this	   problem,	   the	   bone	   volume	   can	   be	   augmented	   by	   performing	  
onlay	  grafts	  or	   inlay	  grafts.	  The	   latter	   includes	  the	  sinus	  augmentation	  procedure,	   in	   literature	  also	  
mentioned	   as	   sinus	   lifting	   or	   sinus	   (	   floor	   )	   elevation.	   With	   this	   technique	   one	   aims	   to	   induce	  
formation	   of	   vital	   bone	   in	   the	   pneumatized	   sinus,	   to	   allow	   osseointegration	   of	   implants	   and	   to	  
improve	  long-­‐term	  survival/success	  when	  placed	  under	  functional	  load.	  Autogenous	  bone	  (	  AB	  )	  was	  
up	  to	  10	  years	  ago	  considered	  to	  be	  the	  gold	  standard	  in	  the	  reconstruction	  of	  atrophic	  areas	  of	  the	  
jaws,	  due	  to	  its	  osteoconductive,	  osteoinductive	  and	  osteogenetic	  properties	  24.	  In	  severe	  atrophies	  	  	  	  
(	  Class	  V	  and	  VI	  of	  Cawood	  and	  Howell	  25	  )	  it	  should	  still	  be	  chosen	  as	  the	  most	  suitable	  material,	  also	  
because	   they	   are	   rich	   in	   growth	   factors	   and	   contain	   a	   high	   number	   of	   viable	   cells	   consisting	   of	  
ostoblasts,	  undifferentiated	  mesenchymal	  cells,	  monocytes	  and	  osteoclast	  precursor	  cells	  26.	  From	  a	  
histological	  point	  of	  view	  AB	  gives	  the	  best	  results	  because	  it	  lacks	  the	  inflammatory	  response	  during	  
bone	   healing.	   Considering	   that	   sinus	   elevation	   is	   an	   elective	   surgery,	   the	   donor	   site	   morbidity	  
accompanying	  AB	  harvesting	  techniques,	  should	  induce	  minimal	  problems	  or	  inconveniences	  for	  the	  
patient.	   An	   important	   drawback	   is	   the	   reported	   unpredictable	   resorption	   of	   the	   bone	   graft.	  	  	  
Literature	  provides	   very	   little	   information	   concerning	  maxillary	   sinus	   augmentation	   and	   the	  use	  of	  
cranial	  bone	  grafts.	  There	   is	  no	  systematic	  review	  or	  meta-­‐analysis	  available	  regarding	  this	  subject.	  
Nevertheless,	  it	  is	  suggested	  that	  cranial	  bone	  grafts	  are	  superior	  to	  any	  other	  bone	  graft	  for	  sinus	  lift	  
grafting.	   	   Crespi	   et	   al.	   200727	   performed	  a	   clinical	   study	  with	  histomorphometric	   analysis	   of	   donor	  
autogenous	  bone	  graft	  taken	  from	  calvarium	  of	  iliac	  sources	  taken	  for	  maxillofacial	  procedures.	  five	  
months	   after	   surgery,	   the	   calvarial	   donor	   bone	   revealed	   an	   average	   total	   bone	   volume	   of	   73.4%	  
compared	  to	  iliac	  bone	  volume	  of	  46.6%.	  This	  difference	  was	  statistically	  significantly	  different.	  The	  
solid	  trabelular	  structure	  of	  the	  cortical	  bone	  may	  be	  one	  of	  the	  main	  resons	  that	  cortical	  bone	  grafts	  
resorb	  more	  slowly.	  Another	  explanation	  can	  be	  found	  in	  the	  different	  origin	  of	  the	  vital	  bone	  cells.	  
Therefore	  surgeons	  prefer	   to	   include	  bone	  substitutes	  with	  or	  without	  additional	  AB	  as	  alternative	  
techniques.	  	  
There	   is	   a	   lack	   of	   human	   histologic	   studies	   to	   clarify	   whether	   biomaterials	   are	   necessary	   in	   sinus	  
augmentation	  procedures	  and	   if	  so,	  which	  material	   is	   to	  be	  used.	  Chapter	  4	  paper	  2	  evaluated	  the	  
behavior	  of	  biomaterials	   in	  sinus	  augmentation	  procedures	  as	  presented	  in	  histologic	  studies.	  Since	  
human	  studies	  were	  lacking	  in	  2005-­‐2006,	  we	  had	  to	  limit	  ourselves	  to	  animal	  studies.	  With	  respect	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to	   bone	  healing,	   it	   is	  widely	   accepted	   that	   the	  outcome	   from	  animal	   studies	   is	   comparable	   to	   the	  
results	   in	   het	   human	   studies.	   10	   out	   of	   the	   20	   selected	   papers	   discussing	   biomaterials	   in	   sinus	  
augmentation	  procedures,	  pertained	  to	  the	  use	  of	  BBM.	  
Overall,	  in	  comparison	  to	  non-­‐grafted	  defects,	  an	  enhancement	  of	  bone	  formation	  is	  seen	  especially	  
when	   BBM	   is	   mixed	   with	   autogenous	   bone.	   However,	   when	   implants	   are	   installed	   the	   bone-­‐to-­‐
implant-­‐contact	   (	   BIC	   )	   was	   always	   higher	   in	   the	   native	   bone	   compared	   to	   the	   sites	   grafted	   with	  	  	  	  
BBM	  28.	  This	  suggest	  that	  the	  osseointegration	  and	  bone	  healing	   is	  affected	  by	  the	  biomaterial	  and	  
that	   maybe	   a	   longer	   healing	   time	   is	   needed	   before	   implant	   placement.	   Preferably,	   biomaterials	  
should	  gradually	  break	  down	  to	  be	  completely	  replaced	  by	  new	  bone.	  It	  is	  not	  clear	  if	  the	  addition	  of	  
AB	  influences	  the	  brake	  down	  of	  BBM.	  No	  animal	  studies	  were	  found	  concerning	  biodegradability	  of	  
BBM	  on	  the	   long	  term.	  Only	  short-­‐time	  studies	  with	  a	   follow	  up	  period	  of	  15	  months	  are	  available	  
and	  show	  that	  during	  this	  time	  frame	  BBM	  does	  not	  or	  very	  little	  disintegrate.	  	  Wallace	  and	  Froum	  29	  
suggested	  that	  in	  a	  sinus	  grafted	  with	  a	  mixture	  of	  80%	  xenograft	  and	  20%	  autograft	  it	  requires	  12	  to	  
20	  months	  for	  remodeling	  to	  vital	  bone.	  In	  studies	  concerning	  the	  bone	  fraction	  for	  BBM	  there	  was	  
no	  difference	  between	  the	  80%	  BBM	  +20%	  AB	  group	  (	  40%	  )	  and	  the	  AB	  group(	  38%	  )	  30.	  The	  same	  
researchers	   tested	  also	   sinus	   lift	   procedures	  with	  100%	  BBM	  and	   found	  a	  more	  prolonged	  healing	  
time	  to	  8.5	  months	  because	  the	  bone	  was	  too	  immature	  at	  5	  months.	  The	  bone	  fraction	  after	  a	  8.5	  
months	  healing	  time	  was	  42%.	  The	  use	  of	  porous-­‐hydroxyapatite	  (	  pHA	  )	   in	  combination	  with	  AB	  in	  
sinus	  augmentation	  procedures	  has	  shown	  a	  similar	  inflammatory	  respons,	  reducing	  macrophages	  on	  
the	  particle	  surface	  and	  promotion	  of	  apposition	  of	  bone,	  compared	  to	  BBM.	  A	  significant	  increase	  of	  
new	  bone	  was	  seen	  in	  the	  maxillary	  sinus.	  pHA	  granules	  were	  integrated	  in	  the	  newly	  formed	  bone.	  
For	   implant	   survival	   and	   success,	   volume	   stability	   of	   the	   used	   biomaterial	   is	   of	   great	   importance.	  
Studies	  show	  that	  the	  stability	  of	  the	  graft	  is	  significantly	  influenced	  by	  the	  ratio	  BBM/AB,	  and	  is	  not	  
dependent	  of	  the	  origin	  of	  the	  bone	  (	  mandibular,	  iliac	  crest,	  cranium	  )	  31	  .	  Augmentations	  with	  DFDB	  
resulted	   in	   the	  worst	   histological	   picture.	  Most	   particles	  were	   embedded	   in	   connective	   tissue	   and	  
surrounded	  by	  multinucleated	  giant	  cells,	  resulting	  ultimately	  in	  extensive	  disintegration.	  Combining	  
PRP	  with	  AB	  to	  AB	  alone	  did	  not	  show	  any	  statistically	  significant	  difference.	  The	  beneficial	  effect	  of	  	  
PRP	   on	   bone	   regeneration	   seems	   to	   be	   limited.	   Consolo	   et	   al.32	   showed	   a	   significant	   difference	   in	  
bone	   fraction	   in	  areas	  reconstructed	  with	  a	  combination	  of	  AB	  and	  PRP	   (	  40%	  )	  or	  solely	  with	  AB	   (	  
29%	   )	   at	   5	  months	   after	   sinus	   floor	   elevation.	   In	   contrast,	   Bettega	   et	   al.	   33	   Raghoebar	   et	   al.34	   and	  
Schaaf	  et	  al.	  35	  did	  not	  observe	  any	  significant	  difference	  between	  both	  treatments.	  Our	  finding	  was	  
confirmed	   in	   a	   systematic	   review	   investigating	   healing	   of	   bone	   graft	   material	   in	   maxillary	   sinus	  
augmentation	   36.	   Several	   studies	  have	   reported	  a	  promising	  effect	  of	   the	  addition	  of	   	  BMP	  with	  or	  
without	  stemcells	  in	  terms	  of	  an	  increase	  in	  osteogenesis,	  BIC	  and	  bone	  density	  37.	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The	  present	   literature	   provides	   no	   clear	   	   evidence	   as	   far	   as	   the	   decision-­‐making	   between	   and	   the	  
superiority	  of	   	  the	  use	  of	  AB	  and	  most	  bone	  substitutes	   in	  sinus	  floor	  elevation	  procedures	  when	  a	  
healing	   period	   of	   6	   months	   is	   respected.	   Today,	   studies	   are	   missing	   that	   are	   dedicated	   to	   the	  
clarification	   of	   the	   influence	   of	   residual	   bone	   height,	   simultaneous	   or	   delayed	   implant	   placement	  	  
and	  graft	   resorption	  on	   implant	  survival	  dependent	  of	   the	  graft	  material	  used.	   It	   is	  very	  difficult	   to	  
almost	   impossible	   to	   find	  a	   report	  on	   the	  outcome	  of	   the	  graft	   in	   sinus	  augmentation	  procedures.	  
Most	  of	  the	  time	  the	  success	  of	  the	  graft	  is	  evaluated	  by	  the	  survival	  or	  success	  of	  dental	  implants	  in	  
the	   graft.	   	   Based	   on	   the	   present	   animal	   studies	   (	   available	   up	   to	   2006	   )	   the	   hypothesis	   of	   no	  
differences	  between	  the	  use	  of	  BBM	  and	  BBM	  mixed	  with	  AB	  as	  graft	   in	  sinuslift	  procedures	  could	  
not	  be	  confirmed	  or	  rejected	  38.	  
	  
The	   survival	   of	   dental	   implants	   in	   sinus	   augmented	   bone	   has	   been	   reviewed	   systematically	   in	   the	  
past	   39.	   It	   is	   suggested	   that	   short	   implants	   in	   native	   bone	   perform	   equally	  well	   compared	   to	   long	  
implants	   in	   sinus	   augmented	   bone	   40.	   Whether	   the	   bone	   graft	   in	   the	   sinus	   adds	   to	   the	  
osseointegration	  capacity	  can	  therefore	  be	  questioned.	  A	  clinical	  study	  was	  undertaken	  to	  elucidate	  
bone	  healing	  around	  miniscrew	  implants	   inserted	   in	  sinus	  augmented	  bone	  using	  human	  histology.	  	  
By	   and	   large,	   the	   osseointegration	   and	   the	   increase	   of	   new	   bone	   formation	   over	   time	   was	   poor.	  
Miniscrew	  survival	   seemed	  very	  much	  dependent	  on	   the	   residual	  bone	  height	  of	   the	  sinus	   floor.	  A	  
survival	  of	  100%	  was	  seen	  with	  7	  mm	  or	  more	  crestal	  height	  whereas	  survival	  decreased	  to	  29%	  in	  
cases	   of	   3	   mm	   or	   less	   residual	   bone	   height.	   The	   effect	   of	   sinus	   lifting	   on	   the	   degree	   of	  
osseointegration	  seems	  rather	  poor	  and	  very	  unpredictable	  under	  immediate	  loading	  conditions.	  This	  




In	   conclusion	   one	   can	   say	   that	   the	   overall	   quality	   of	   animal	   studies	   deemed	   poor,	   due	   to	   a	   great	  
variation	  in	  number	  of	  treated	  sinuses,	  a	  great	  variety	  in	  study	  protocols,	  the	  use	  of	  different	  implant	  
types	  and	  surfaces	  and	  differences	  in	  healing	  (	  integration	  )	  time.	  Clinically	  the	  use	  of	  biomaterials	  to	  
preserve	  bone	  volume	  is	  widely	  accepted	  and	  proven.	  Whether	  the	  bone	  healing	  benefits	  from	  the	  
addition	   of	   several	   biomaterials	   can	   be	   questioned.	   Based	   on	   the	   review	   it	   is	   concluded	   that	   	   AB,	  
despite	  a	  40%	  resorption	  remains	   the	  golden	  standard	   for	  bone	  healing.	  Mostly	   the	  animal	  studies	  
are	   not	   followed	   by	   human	   clinical	   investigations	   and	   terminology	   was	   not	   always	   very	   clear	  
regarding	   loading	   periods	   of	   implants.	   If,	   for	   immediate	   placement	   and	   loading	   of	   an	   implant,	   the	  
volumetric	  stability	  of	  the	  AB	  graft	  needs	  to	  be	  augmented,	  addition	  of	  BBM	  seems	  the	  most	  valuable	  
option.	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11.2 CLINICAL	  OUTCOME	  OF	  IMPLANTS	  
	  
11.2.1	   Factors	  related	  to	  implant	  survival	  
	  
Today,	   implant	   therapy	   and	   osseointegration	   is	   a	   widely	   accepted	   treatment	   modality	   to	   restore	  
form	   and	   function	   of	   diseased	   or	   mutilated	   dentitions.	   Over	   the	   years,	   two	   implant	   surfaces	  
dominated	   the	   field	   in	   dentistry:	   the	   machined	   smooth	   surface	   and	   the	   titanium	   plasma-­‐sprayed	  
coated	   micro-­‐porous	   surface.	   For	   both	   surfaces,	   satisfactory	   survival	   and	   success	   rates	   were	  	  	  
reported	   41,	   42,	   with	   survival	   rates	   ranging	   from	   90	   to	   95%.	   In	   the	   1990’s	   research	   focused	   on	  
moderately	  rough	  or	  micro-­‐rough	  titanium	  surfaces.	  After	  5	  years	  of	  follow-­‐up	  those	  yielded	  survival	  
rates	  of	  more	  than	  95%.	  In	  a	  long	  term	  follow-­‐up	  study	  Lindquist	  et	  al.	  43	  reported	  an	  implant	  loss	  of	  
1%	  after	  15	  years	  of	  follow-­‐up.	  The	  cumulative	  success	  rate	  of	  the	  implants	  was	  98.9%	  both	  after	  10	  
and	  15	  years.	  	  In	  a	  retrospective	  study,	  Buser	  et	  al.	  44	  assessed	  the	  10-­‐year	  survival	  and	  success	  rates	  
of	  titanium	  dental	  implants	  with	  an	  SLA	  surface	  in	  a	  large	  cohort	  of	  partially	  edentulous	  patients.	  The	  
study	  yielded	  an	  implant	  survival	  rate	  of	  98.8%	  and	  an	  implant	  success	  rate	  of	  97.0%	  after	  at	  least	  10	  
years	   of	   function.	   Clinical	   research	   activities	   in	   implant	   dentistry	   have	  mainly	   focused	   on	   implant	  
survival	  and	   the	   incidence	  of	  biological	  and	   technical	   complications	  have	  been	  addressed	  only	   to	  a	  
minor	   extend.	   Occasionally	   “implant	   success”	   is	   reported	   in	   the	   studies,	   but	   it	   is	   not	   always	  
identically	  defined	  and	  there	  is	  disparity	  in	  the	  criteria	  chosen	  by	  the	  investigators	  45,	  46.	  	  
	  
Clinical	  studies	  are	  considered	  of	  the	  highest	  scientific	  value	  when	  they	  are	  based	  on	  a	  randomized	  	  
controlled	  trial	  design.	  This	  often	  means	  rigid	  patient	  selection.	  Many	  clinicians	  are	  concerned	  that	  
with	  this	  approach	  any	  clinical	  reality	  of	  daily	  practice	  is	  missing.	  One	  of	  the	  aims	  of	  this	  PhD	  thesis	  
was	   therefore	   to	   scrutinize	   the	   implant	   survival	   in	   consecutively	   treated	   patients	   as	   reported	   in	  
Chapter	  5	  paper	  3.	  47	  This	  study	  evaluated	  implant	  outcome	  in	  an	  academic	  specialist	  training	  center	  
and	  reported	  all	  patients	  treated	  over	  a	  3-­‐year	  period	  without	  exclusion.	  This	  implies	  that	  all	  patients	  
regardless	  of	  their	  medical	  and/or	  oral	  risk	  profile	  were	  included	  in	  the	  analyses.	  Additionally,	  given	  
the	   specific	   profile	   of	   the	   academic	   postgraduate	   center,	   treatments	  were	  performed	  by	   clinicians	  
with	  various	  levels	  of	  	  experience	  (undergraduate	  students,	  postgraduate	  students	  and	  specialists)	  	  .	  
As	  such,	  straightforward	  cases	  as	  well	  as	  complex	  cases	  were	  treated	  using	  evidence-­‐based	  as	  well	  as	  
experimental	   treatment	   strategies	   involving	   various	   implant	   systems.	   The	   total	   material	   	   included	  
1180	  implants	  installed	  in	  461	  patients.	  At	  least	  one	  year	  follow-­‐up	  was	  chosen	  because	  it	  is	  known	  
that	  implants	  fail	  predominantly	  after	  one	  year	  of	  loading.	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In	  the	  absence	  of	  exclusion	  criteria,	  the	  overall	  implant	  failure	  rate	  of	  3.5%	  yields	  substantial	  success	  	  
compared	  with	  other	  studies	  using	  different	  systems	  in	  all	  kinds	  of	  indications	  in	  the	  short	  term48-­‐52.	  
Our	   retrospective	   study	   involved	   at	   least	   23	   implant	   types	   and	   7	   different	   surfaces	   from	   several	  
implant	  branches.	   In	   this	   respect,	   it	   is	  noteworthy	   that	   some	   implant	   systems	  were	  predominantly	  
used	  in	  research	  projects	  under	  challenging	  conditions	  (	  e.g.,	  immediate	  loading	  in	  grafted	  maxillary	  
bone	   ),	   while	   others	   were	   solely	   used	   to	   support	   an	   overdenture	   on	   two	   implants	   in	   the	  
interforaminal	  region	  with	  a	  conservative	  approach	  (	  two-­‐stage	  delayed	  loading	  procedure	  ).	  Hence,	  
it	  was	  deemed	  inappropriate	  to	  include	  implant	  type	  and	  surface	  as	  covariates.	  Despite	  these	  various	  
indications,	   the	   overall	   success	   of	   any	   individual	   implant	   system	  was	   above	   90%.	   Implant	   failures	  
have	  been	  subdivided	  into	  early	  and	  late	  failures	  45.	   In	  the	  context	  of	  conventional	   implant	  surgery,	  
early	  failures	  refer	  to	  implant	  loss	  up	  to	  abutment	  connection	  and	  reflect	  the	  inability	  to	  establish	  an	  
intimate	  bone-­‐to-­‐implant	  contact	  during	  healing	  53.	   In	  the	  early	  failures,	  the	  physiological	  processes	  
of	  bone	  healing	  are	  hampered	  and	  the	  implant	  becomes	  surrounded	  by	  fibrous	  scar	  tissue	  leading	  to	  
mobility	  and	  eventually	  implant	  loss	  54.	  Recently,	  natural	  teeth	  neighboring	  the	  implant	  site,	  smoking	  
habits,	  Crohn’s	  disease,	  osteoporosis,	  and	  hormone	  replacement	  therapy	  have	  been	  associated	  with	  
these	  early	  failures	  55,	  56.	  Late	  failures	  occur	  following	  normal	  osseointegration	  and	  may	  be	  explained	  
by	  peri-­‐implantitis	  and/or	  occlusal	  overload.	  Implant	  location	  and	  radiotherapy	  have	  been	  identified	  
as	  significant	  predictors	  of	  such	  late	  failures.	  57	  
	  
In	  the	  present	  study,	  18	  implants	  were	  lost	  within	  the	  first	  3	  months	  of	  function.	  Albeit	  these	  failures	  
occurred	  during	   the	  early	   stages	  of	  healing,	   they	  do	  not	  necessarily	   correspond	   to	   the	  above-­‐cited	  
early	  failures	  as	  classified	  by	  Albrektsson	  et	  al.	  45	  .	  Indeed,	  it	  is	  impossible	  to	  identify	  the	  etiology	  of	  
implant	  failure	  when	  treatment	  concepts	  such	  as	  non-­‐submerged	  healing	  and	  immediate	  loading	  are	  
included.	   Because	   implants	   are	   already	   loaded	   during	   osseointegration,	   any	   inadequate	   healing	  
resulting	   in	   failure	   could	  be	   inflicted	  during	   surgery	  or	   thereafter	  by	  overload.	  Given	   the	   relatively	  
short	   time	   frame	   of	   function,	   being	   30	   months	   on	   average,	   it	   is	   unlikely	   that	   periimplantitis	   was	  
involved.	  An	   interesting	  observation	  was	   that	  a	  number	  of	   factors	   showed	  a	   significant	  association	  
with	  implant	  failure	  on	  the	  basis	  of	  univariate	  analyses	  (	   implant	  location,	  surgical	  protocol,	   loading	  
protocol,	   surgeon’s	   experience,	   surgeon’s	   specialty	   ).	   Obviously,	   univariate	   methods	   should	   be	  
considered	  strictly	  exploratory	  in	  this	  context	  because	  they	  do	  not	  account	  for	  possible	  interactions.	  
Controlling	  for	  covariates	  ruled	  out	  the	  significant	  impact	  of	  all	  but	  one	  (	  loading	  protocol	  ).	  
The	   survival	   rate	   of	   standard	   length	   and	   diameter	   implants	   was	   comparable	   with	   what	   has	   been	  
reported	   in	   the	   literature	   55,	   58-­‐60.	   In	   our	   study,	   neither	   implant	   length	   nor	   implant	   diameter	   were	  
significantly	  related	  to	  implant	  failure.	  This	  is	  in	  contrast	  to	  Renouard	  and	  Nissand	  40,	  61	  and	  Alsaadi	  et	  
al.	  56	  mainly	  reporting	  on	  machined-­‐surface	  implants,	  but	  in	  agreement	  with	  others	  62,	  63.	  In	  the	  latter	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reports,	   as	   in	   the	   present	   study,	   surface-­‐modified	   implants	   were	   used,	   which	   may	   explain	   the	  
disparity	   with	   the	   literature.	   Predictable	   treatment	   outcomes	   have	   been	   reported	   for	   implant	  
therapy	  in	  various	  jaw	  locations	  41,	  42,	  64-­‐70.	  With	  respect	  to	  implant	  location,	  most	  failures	  in	  our	  study	  
occurred	  in	  the	  posterior	  mandible	  (	  6.6%	  versus	  3.3%	  ).	  Similar	  findings	  have	  been	  earlier	  described	  
51,	  55,	  56.	  In	  our	  study,	  however,	  implant	  location	  was	  not	  significantly	  related	  to	  implant	  failure	  when	  
controlling	  for	  other	  covariates.	  The	  time	  from	  tooth	  loss	  to	  implant	  placement	  showed	  no	  significant	  
association	  with	  failure	  in	  our	  study.	  This	  is	   in	  line	  with	  recent	  reports	  showing	  low	  failure	  rates	  for	  
early	   and	   immediate	   implant	   placement	   following	   extraction.	   66,	   70-­‐77	   We	   observed	   no	   significant	  
difference	  in	  the	  incidence	  of	  failures	  between	  implants	  placed	  in	  native	  and	  grafted	  bone.	  This	  is	  in	  
accordance	  with	  other	   studies	   39,	   78-­‐83.	   It	   still	   remains	   to	  be	  elucidated,	  however,	  whether	   implants	  
placed	   in	   augmented	   areas	   enjoy	   the	  high	   long-­‐term	   survival	   rates	   of	   implants	   inserted	   in	   pristine	  
sites,	   as	   highlighted	   in	   a	   recent	   consensus	   report	   84.	   Survival	   rates	   were	   comparable	   following	  
conventional	  two-­‐stage	  surgery	  and	  one-­‐stage	  surgery,	  at	  least	  based	  on	  multivariate	  analyses.	  This	  
is	   in	   agreement	  with	   the	   existing	   knowledge	  on	   submerged	   versus	   non-­‐submerged	  healing	   51,	   85-­‐93.	  
Clinical	   studies	  have	  shown	  good	   implant	  survival	  of	  early	   loaded	   turned	   94-­‐96	  and	  surface-­‐modified	  
surface	  implants	  97-­‐101.	  Under	  certain	  conditions	  this	  also	  holds	  true	  for	  immediate	  loading	  70,	  102-­‐107.	  In	  
some	  cases,	  immediate	  loading	  even	  yields	  superior	  outcome	  in	  standard	  bone	  conditions	  103,	  104,	  108	  	  
or	  even	  in	  soft	  bone	  109.	  As	  well	  on	  the	  basis	  of	  univariate	  analyses	  as	  on	  the	  basis	  of	  Cox	  proportional	  
Hazards	  regression	  the	  loading	  protocol	  was	  a	  significant	  predictor	  of	  implant	  failure.	  Controlling	  for	  
covariates	   showed	   comparable	   implant	   loss	   for	   immediate	   and	   delayed	   loading.	   However,	   early	  
loading	   induced	   significantly	  more	   implant	   loss	   in	   comparison	  with	   a	   conventional	   loading	   period.	  
Logistic	   regression	  analysis	  also	   identified	   the	   loading	  protocol	  as	   the	  only	  explanatory	  variable	   for	  
implant	   failure	   	   	   	   	   (	  p	  =	   .050	  ).	  Again,	  early	   loading	  resulted	   in	  significantly	  more	   implant	   loss	  when	  
compared	  with	  delayed	  loading	  (	  p	  =	  .014	  ).	  This	  finding	  is	  in	  agreement	  with	  the	  results	  of	  a	  recent	  
retrospective	   study	   on	   490	   implants	   with	   up	   to	   5	   years	   of	   follow-­‐up	   showing	   cumulative	   survival	  
rates	  of	  94.4%	  for	  early	   loading	  and	  97.9%	  for	  delayed	  loading	  110	   .	  A	  trend	  toward	  superior	  results	  
following	  conventional	  loading	  has	  also	  been	  reported	  in	  recent	  systematic	  reviews	  49,	  111.	  We	  believe	  
our	   results	   are	   important	   as	   the	   impact	   of	   the	   loading	   protocol	   was	   consolidated	   by	   statistical	  
analyses	   controlling	   for	  other	   covariates.	   Consequently,	   the	   clinician	   should	   take	   into	   account	   that	  
early	   loading	  may	   significantly	   increase	   implant	   failure	   because	  of	   uncontrolled	   loading	   during	   the	  
initial	   healing	   period.	   Early	   loading	   follows	   most	   often	   a	   one-­‐stage	   surgical	   approach	   whereby	   a	  
healing	  abutment	   is	  piercing	   throughout	   the	  mucosal	   tissue,	   risks	   to	  be	  prematurely	   loaded	  during	  
biting,	   clenching	   and	   tongue	   or	   cheek	   pressure.	   Furthermore,	   manipulating	   implant	   components	  
during	  the	  initial	  healing	  can	  coincide	  with	  the	  first	  3–6	  weeks	  reduction	  of	  implant	  stability	  following	  
implant	  placement	  as	  described	  with	  resonance	  frequency	  analysis	  112.	  Whether	  this	  increased	  risk	  is	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clinically	  relevant	  today	  with	  the	  use	  of	  modified-­‐surface	  implants	  remains	  a	  matter	  of	  debate.	   It	   is	  
generally	  accepted,	  however,	  that	  immediate	  provisionalisation	  of	  multiple	  splinted	  implants	  with	  a	  
rigid	  prosthesis	   is	  a	  safer	  approach	  to	  minimize	   implant	   jiggling	  that	  may	  hamper	  osseointegration.	  
This	  could	  be	  a	  possible	  explanation	  for	  the	  better	  outcome	  of	   immediately	   loaded	   implants	   in	  the	  
current	  study	  and	  was	  discussed	  in	  previous	  papers	  103,	  113.	  The	  type	  of	  prosthesis	  (	  removable	  versus	  
fixed	  )	  was	  not	  related	  to	  implant	  loss	  in	  this	  study.	  This	  confirms	  the	  general	  finding	  of	  high	  survival	  
rates	  for	  implants	  supporting	  fixed	  as	  well	  as	  removable	  prostheses	  41,	  49,	  69,	  92,	  102,	  114-­‐120.	  	  
A	   detailed	   analysis	   of	   patient-­‐related	   factors	   such	   as	   smoking	   and	   systemic	   diseases	  was	   not	   the	  
primary	  objective	  of	   the	   current	   retrospective	   study.	  At	   the	   time	   the	  patients	  were	   treated,	   these	  
factors	  were	  not	  registered	  in	  a	  standardized	  manner.	  Possibly	  missing	  information	  on	  self-­‐reported	  
smoking	  habits	  was	  updated	  for	  all	  failed	  implants	  by	  detailed	  searching	  the	  complete	  patient	  file	  or	  
questioning	   the	   surgeons	   and/or	   patients.	  Nineteen	  of	   the	   41	   failed	   implants	   occurred	   in	   smoking	  
patients.	  These	  are	  absolute	  figures	  and	  should	  be	  interpreted	  with	  caution	  because	  the	  distribution	  
of	  smokers	   in	   the	   total	   sample	   is	  unclear.	  A	  significant	   influence	  has,	  however,	  been	  highlighted	   in	  
recent	   systematic	   reviews	   121,	   122.	   Especially	   during	   the	   early	   stages	   of	   healing,	   smoking	   seems	   to	  
compromise	  osseointegration	  56,	  57.	  Smoking-­‐related	  failures	  also	  seem	  to	  cluster	  in	  the	  maxilla	  121,	  123.	  
One	  should,	  however,	  keep	  in	  mind	  that	  current	  systematic	  reviews	  are	  based	  predominantly	  on	  the	  
outcome	  of	  turned	  implants.	  With	  the	  overwhelming	  usage	  of	  surface-­‐modified	  implants	  today,	  this	  
may	  not	  be	  longer	  valid	  today124.	  	  
Factors	  such	  as	  osteoporosis	  and	  hormone	  replacement	  were	  also	  not	  registered	  in	  a	  systematic	  way.	  
Their	  possible	  impact	  on	  implant	  failure	  is	  still	  controversial	  55,	  56,	  125,	  126.	  	  
A	   number	   of	   studies	   showed	   a	   relevant	   impact	   of	   the	   clinician’s	   experience	   on	   implant	   survival	  
indicating	   less	   failures	   for	   experienced	   surgeons	   127-­‐130.	   These	   findings	   seem	   in	   contrast	   with	   our	  
observations	  because	  clinical	  experience	  had	  no	  significant	  impact	  on	  implant	  survival,	  at	  least	  not	  on	  
the	  basis	  of	  multivariate	  analyses	  which	  has	  recently	  been	  confirmed	  by	  others	  131,	   132.	  A	  significant	  
difference	  in	  favor	  of	  inexperienced	  surgeons	  based	  on	  univariate	  methods	  could	  be	  explained	  by	  the	  
fact	  that	  the	  more	  challenging	  cases	  with	  poor	  bone	  quality	  and/or	  quantity	  had	  been	  treated	  by	  the	  
academic	  staff,	  whereas,	  standard	  cases	  had	  been	  usually	  treated	  by	  clinicians-­‐in-­‐training.	  Similarly,	  
the	   fewer	   failures	   by	   oral	   surgeons	   on	   the	   basis	   of	   univariate	   analyses	   could	   be	   explained	   by	   a	  
disparity	   in	  treated	  cases	  and	  treatment	  strategies.	   In	  this	  study	  oral	  surgeons	   installed	  38%	  of	   the	  
implants	   in	   the	   anterior	  mandible	   for	   overdenture	   treatment	   using	   a	   two-­‐stage	   surgical	   approach.	  
This	   indication	   and	   strategy	   may	   be	   considered	   very	   predictable	   49,	   92,	   116,	   118,	   119,	   which	   is	   also	  
supported	  by	  our	  data	  indicating	  only	  0.5%	  failures	  in	  mandibular	  overdenture	  cases	  versus	  1.0%	  and	  
2.4%	  failures	  for	  single-­‐tooth	  replacements,	  respectively,multiple-­‐unit	  bridges.	  The	  cases	  treated	  by	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periodontists,	   however,	   were	   much	   less	   homogeneous	   as	   well	   in	   terms	   of	   implant	   location	   as	  
treatment	   approach	   frequently	   adopting	   innovative	   concepts	   often	   in	   conjunction	   with	   research	  
protocols	  under	   scrutiny.	   For	   instance,	  periodontists	  placed	  84%	  of	   the	   implants	  using	  a	  one-­‐stage	  
surgical	  approach.	  The	  corresponding	  value	  for	  oral	  surgeons	  was	  only	  21%.	  Immediate	  loading	  was	  
performed	   on	   40%	   of	   the	   implants	   installed	   by	   periodontists.	   The	   corresponding	   value	   for	   oral	  
surgeons	  was	  8%.	  These	   findings	   indicate	  a	  more	   conventional	   treatment	  approach	  applied	  by	   the	  
oral	  surgeons	  and	  may	  explain	  the	  obtained	  difference.	  
	  
It	   can	   be	   concluded	   that	   the	   overall	   implant	   failure	   rate	   of	   3.5%	   is	   concordant	   with	   failure	   rates	  
reported	   in	   literature.	   The	   fact	   that	   the	   investigated	   material	   comprised	   implants	   placed	   by	  
experienced	  and	   inexperienced	  surgeons,	   the	   latter	  being	   specialists	   in	   training,	   can	  be	  considered	  
very	   successful.	   The	   implant	   survival	   rate	  was	  not	   affected	  by	   implant	   length	  or	   diameter,	   time	  of	  
placement	  after	  extraction	  (	  immediate,	  early	  or	  delayed	  ),	  placement	  in	  healed	  or	  grafted	  bone.	  The	  
only	  decisive	  factor	  in	  the	  survival	  was	  the	  loading	  protocol.	  These	  findings	  are	  in	  contradiction	  with	  
the	   paradigms	   described	   in	   the	   early	   days	   of	   implant	   dentistry.	   This	   could	   be	   explained	   by	  
enhancement	   of	   implant	   surface	   topography	   and	  macro-­‐geometry.	   The	   new	   generation	   of	   dental	  





11.2.2 Clinical	  outcome	  of	  dental	  implants	  in	  compromised	  bone	  
i.Definition	  of	  compromised	  bone	  
Literature	   shows	   that	   there	   is	   a	   predictable	   outcome	   with	   immediate	   loading	   procedures	   133.	  
However,	  there	  are	  few	  prospective	  studies	  providing	  information	  of	  outcome	  of	  immediate	  loading	  
procedure	  in	  compromised	  bone.	  There	  is	  no	  consensus	  in	  literature	  on	  the	  content	  of	  the	  “definition	  
of	  compromised	  bone”.	  Some	  authors	  define	  compromised	  bone	  as	  a	  lack	  in	  crestal	  width	  134,	  lack	  	  of	  
bone	   quality/quantity	   135	   and	   bone	   height	   136.	   	   Most	   often	   in	   clinical	   practice	   the	   issues	   of	   bone	  
volume	   and	   quality	   are	   combined.	   In	   the	   context	   of	   this	   PhD	   thesis	   implant	   treatment	   in	  	  
‘compromised	  bone’	   included	  procedures	   that	  were	  not	   straightforward	  or	   conventional,	   requiring	  
non	  standardized	  protocols	  or	  additional	   interventions.	  This	  was	  scrutinized	  in	  three	  clinical	  studies	  
presented	   in	  detail	   in	  Chapter	  6	  paper	  4,	  Chapter	  7	  paper	  5	  and	  Chapter	  8	  paper	  6.	  These	  studies	  
evaluated	  the	  placement	  of	  dental	  implants	  in	  conditions	  where	  bone	  volume,	  bone	  height	  or	  bone	  
morphology	  were	  critical.	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ii.Implant	  treatment	  using	  the	  “all-­‐on-­‐four”concept	  with	  flapless	  surgery.	  
	  
The	   prospective	   clinical	   study	   reprinted	   in	   Chapter	   6	   paper	   4	   	   evaluated	   the	   clinical	   survival	   and	  
crestal	   bone	   changes	   of	   implants	   placed	   using	   the	   “All-­‐on-­‐four”	   concept	   with	   computer-­‐guided	  
surgery	   in	   conjunction	  with	   immediate	   loading.	   An	   overall	   implant	   survival	   of	   100%	  was	   achieved	  
which	  is	  in	  line	  with	  similar	  reports	  on	  immediate	  loading	  in	  fully	  edentulous	  maxillae	  and	  mandibles	  
137-­‐147.	   In	   terms	   of	   survival	   of	   implants	   and	   prosthetic	   reconstructions	   the	   all-­‐on-­‐four	   immediate	  
function	  concept	  applied	  in	  completely	  edentulous	  jaws	  is	  predictable	  according	  to	  numerous	  papers	   
148-150.	   However,	   most	   papers	   do	   not	   give	   bone	   level	   information	   especially	   when	   applied	   with	  
flapless	   or	   stereolithographic	   guided	   surgery.	   Only	   two	   publications	   in	   the	   literature	   report	   on	  
flapless	  guided	   surgery	   including	  crestal	  bone	   loss	  data	  but	  only	  after	  1	  year.	   In	  our	  opinion,	  bone	  
level	  evaluation	  after	  the	  first	  year	  of	  loading	  is	  an	  important	  parameter	  since	  it	  	  may	  give	  insight	  in	  















Figure	  11.1	  A	  and	  B	  :	  Panoramic	  radiograph	  for	  evaluation	  of	  the	  bone	  level	  in	  two	  “All-­‐on-­‐four”	  cases.	  
It	   is	   tempting	   to	   conclude	   from	   the	   existing	   literature	   that	   implant	   survivals	   with	   the	   all-­‐on-­‐four	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especially	   in	   the	   long	   run.	   In	   this	   respect,	   our	   clinical	   study	   presented	   in	   this	   paper,	   is	   the	   first	   to	  
report	   crestal	   bone	   loss	   data	   after	   3	   years	   using	   a	   flapless	   and	   stereolithographic	   guided	   surgical	  
approach.	  The	  clinical	  outcome	  of	  100%	  survival	  is	  in	  line	  with	  available	  literature.	  Agliardi	  et	  al. 148 
showed	  a	  98.4%	  survival	  in	  the	  maxilla	  and	  99.7%	  in	  the	  mandible	  after	  up	  to	  5	  years	  of	  loading.	  In	  a	  
systematic	  review	  whereby	  470	  immediate	  rehabilitations	  were	  analysed	  no	  differences	  in	  terms	  of	  
survival	   between	   maxillae	   and	   mandibles	   and	   tilted	   or	   straight	   implants	   in	   both	   arches	   were	  	  	  	  	  	  	  	  	  
found	  151.	  
The	  mean	  marginal	  bone	  level	  (	  1.13	  mm	  )	  after	  one	  year	  of	  functional	  loading	  was	  comparable	  with	  
the	  values	  found	  in	  previous	  studies	  with	  the	  same	  type	  of	  implants	  143, 152	  	  (	  Figure	  11.1	  ).	  The	  tilting	  
of	   the	   implants	   did	   not	   seem	   to	   affect	   the	   peri-­‐implant	   bone	   level	   between	   the	  mesial	   and	   distal	  
sides	  of	  the	  implants	  and	  compared	  to	  the	  upright	  implants.	  Table	  1	  summarise	  this	  clinical	  outcome.	  
In	   our	   study	   the	  most	   posterior	   implants	  were	   not	   tilted	  more	   than	   30°	   because	   previous	   studies	  
showed	   that	   implant	   placement	   at	   a	   45°	   angle	   increases	   markedly	   the	   fringe	   concentrations,	  
resulting	  in	  more	  occlusal	  overload	  and	  more	  peri-­‐implant	  bone	  loss	  153.	  Aparicio	  and	  coworkers	   154	  
describe	  in	  their	  study	  a	  cumulative	  success	  rate	  of	  95%	  for	  tilted	  implants	  and	  91%	  for	  axial	  placed	  
implants	   and	   no	   significant	   difference	   in	   marginal	   bone	   loss	   during	   the	   5	   years	   follow-­‐up.	   No	  
differences	  in	  bone	  loss	  between	  axial	  and	  tilted	  implants	  were	  found	  in	  other	  studies	  152, 155, 156.	  	  
 1 year 3 years p-value 
Overall 
1.13 mm (SD 0.94; range -0.1- 3.8) 
1.61 mm (SD 1.40; range 0 - 5 
) 
< 0.001 
73.8% 70.5% 0.484 
Maxilla 
1.58 mm (SD 1.22; range 0 - 3.80) 1.89 mm (SD 1.29; range 0 - 5) 0.021 
55.6% 58.3% 0.574 
Mandible 
0.82 mm (SD 0.51; range -0.10 - 
2.30) 
1.42 mm (SD 0.69; range 0.3 - 
4.0) 
< 0.001 
90.0% 81.8% 0.183 
Straight 
1.13 mm (SD 0.71; range 0 - 3.20 
1.55 mm (SD 0.73; range 0.5 - 
3.5) 
< 0.001 
77.0% 70.0% 0.386 
Tilted 
1.14 mm (SD 1.14; range -0.10 – 
3.80) 
1.67 mm (SD 1.22; range 0 - 5) 0.001 
71.0% 71.0% 1.000 
 
Table	  1:	  Overview	  of	  bone	  loss	  and	  implant	  success	  at	  1	  and	  3	  years	  interval	  for	  maxilla	  versus	  mandible	  and	  tilted	  versus	  
straight	  implants.	  Implant	  success	  was	  based	  on	  bone	  loss	  of	  ≤	  1.5	  mm	  and	  ≤	  1.9	  mm	  after	  1	  and	  3	  years	  respectively.	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Although	   one	  would	   expect	   stability	   of	   crestal	   bone	   level	   after	   the	   first	   year	   of	   loading,	   our	   data	  
clearly	  show	  continuous	  crestal	  bone	  loss	  during	  the	  3	  years	  follow-­‐up	  (	  Figure	  11.3	   ).	  Between	  the	  
first	  and	   third	  year,	  49.2%	  of	   the	   implants	   lost	  more	   than	  0.4	  mm	  crestal	  bone.	  These	   low	  success	  
rates	   reported	   in	   our	   study	   are	   in	   contradiction	   with	   those	   normally	   found	   in	   literature	   with	  
conventional	  implant	  treatment	  protocols	  or	  axially	  loaded	  implants.	  However,	  in	  several	  studies 141-
143	  bone	  level	  description,	  giving	  insight	  in	  implant	  success	  157 is	  lacking.	  It	  is	  tempting	  to	  suggest	  that	  
misplacement	   of	   the	   surgical	   guide	   during	   the	   procedure	   provoked	   bone	   loss.	   Indeed	   D’haese	   	   et	  
al.158	  reviewed	  the	  literature	  related	  to	  accuracy	  of	  stereolitographic	  guided	  surgery	  and	  revealed	  a	  
substantial	   three-­‐dimensional	   error	   in	   reproducibility	   between	   the	  planned	  and	   the	   actual	   implant	  
position.	  This	   finding	  was	   irrespective	  of	   the	   implant	   system	  used.	  The	  cases	   included	   in	  our	   study	  
had	  critical	  bone	  mass	  in	  terms	  of	  crestal	  width	  (	  Figure	  11.2	  ).	  
	  	  
Figure	  11.2:	  showing	  the	  critical	  width	  of	  the	  alveolar	  ridge,	  with	  the	  palatal	  bone	  almost	  perforated	  by	  the	  implant.	  
One	  cannot	  exclude	  that	  implants	  showed	  some	  dehiscence	  at	  the	  palatal	  side.	  But	  whether	  this	  can	  
be	   an	   explanation	   for	   ongoing	   bone	   loss	   after	   initial,	   one	   year,	   bone	   level	   stabilization,	   can	   be	  
questioned.	  Other	  factors	  that	  could	  affect	  bone	  loss	  in	  time	  are	  overloading	  or	  peri-­‐implantitis.	  The	  
latter,	  however	  is	  normally	  only	  evident	  after	  5	  to	  7	  years	  159.	  The	  power	  of	  the	  study	  was,	  however,	  
too	  small	  to	  perform	  this	  multifactorial	  analysis.	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Figure	  11.3.	  Boxplot	  presenting	  peri-­‐implant	  bone	  loss	  after	  1	  and	  3	  years.	  Ongoing	  bone	  loss	  is	  evident	  <	  0.001. 
	  
Based	  on	  our	  clinical	  experience	  and	  outcome	  of	  the	  study,	  clinicians	  should	  be	  aware	  that	  a	  safety	  
volume	   of	   bone	   is	   required	   when	   applying	   this	   technique.	   Future	   research	   should	   try	   to	   further	  
examine	   these	   factors.	   In	   conclusion,	   the	   implant	   and	   prosthetic	   survival	   was	   100%	   and	   patients	  
were	  benefitting	  from	  the	  “all-­‐on-­‐four”	  treatment	  concept.	  Yet,	  unacceptable	  ongoing	  bone	  loss	  may	  
be	  a	  warning	   sign	   for	   future	  problems	  and	  needs	  clinical	  attention.	  Overloading	  or	   implant	   related	  
aspects	  need	  to	  be	  further	  investigated	  as	  explanatory	  reasons.	  	  
 
 
iii.Retrospective	   analysis	   of	   bone-­‐loss	   in	   cross-­‐arch	   rehabilitations	   in	   edentulous	   maxilla	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
and	  mandibles.	  
In	  Chapter	  7	  paper	  5	  	  immediately	  loaded	  implants	  in	  fully	  edentulous	  maxillae	  and	  mandibles	  were	  
evaluated.	   Information	  was	  retrospectively	  retrieved	  from	  83	  patients’	  records	  with	  749	  Osseotite®	  	  	  
(	   BIOMET	   3i,	   Palm	   Beach	   Gardens,	   Florida,	   USA	   )	   implants	   supporting	   immediately	   loaded	   semi-­‐
permanent	  full-­‐arch	  restorations.	  Five	  hundred	  sixty-­‐eight	  (	  75.8%	  )	   implants	  were	  placed	  in	  healed	  
bone	  and	  181	  (	  24.2%	  )	  in	  augmented	  bone.	  The	  latter	  included	  sinus	  lifting	  and/or	  onlay/inlay	  grafts	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with/without	  biomaterials	  and	  membranes.	  Implant	  survival	  and	  success	  based	  on	  radiological	  peri-­‐
implant	   bone	   loss	   were	   registered.	   The	   large	   database	   allowed	   to	   compare	   peri-­‐implant	   bone	   in	  
compromised	  versus	  healed	  bone,	  maxilla	  or	  mandible,	  and	  changes	  over	  time.	  
The	  implant	  survival	  was	  96.8%	  in	  the	  maxilla	  and	  98.8%	  in	  the	  mandible.	  This	  confirms	  the	  finding	  of	  
the	  other	  clinical	  papers	  of	   this	   thesis	   that	   immediate	   loading	  has	  become	  a	  predictable	  treatment	  
procedure	  provided	  implant	  stability	  is	  perfect	  and	  cross-­‐arch	  stabilisation	  of	  the	  implants	  is	  realised	  
by	  means	  of	  a	  ridgidly	  connected	  and	  screw-­‐retained	  rehabilitation.	  Figure	  11.4	  gives	  an	  overview	  of	  
all	  the	  bone	  level	  measurements	  in	  relation	  to	  function	  time.	  
 
Figure	  11.4.	  Scatter	  plot	  of	  all	  available	  radiographic	  measurements	  in	  relation	  to	  loading	  time.	  
Around	  implants	  in	  grafted	  bone	  in	  the	  maxilla	  on	  average,	  0.4	  to	  0.8	  mm	  more	  bone	  loss	  was	  seen	  
at	  the	  1	  to	  4	  years	  interval	  in	  the	  compromised	  bone.	  After	  3	  to	  4	  years	  the	  bone	  loss	  in	  the	  healed	  
bone	  was	  1.52	  mm	  whereas	  2.32	  mm	  was	  observed	  in	  the	  compromised	  bone	  group.	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Figure	  11.5	  shows	  the	  cumulative	  percentage	  of	  implants	  in	  relation	  to	  maximal	  bone	  loss.	  The	  two	  lines	  show	  that	  for	  65%	  
of	  the	  implants	  in	  healed	  bone	  have	  bone	  loss	  below	  1.5	  mm	  wheras	  this	  is	  only	  35%	  in	  case	  of	  grafted	  site	  implants.	  
	  
	  
It	  could	  again	  be	  concluded	  that	  immediate	  loading	  is	  a	  valuable	  option	  with	  few	  implant	  failures	  that	  
occur	  mainly	  during	  the	  first	  healing	  stage.	  The	   loading	  protocol	  has	  no	   impact	  on	  the	  crestal	  bone	  
remodeling	   which	   is	   in	   line	   with	   literature.	   However,	   implants	   in	   grafted	   bone	   have	   a	   bone	  
remodeling	  that	  is	  not	  stabilised	  after	  one	  year	  but	  tends	  to	  continue	  up	  to	  2	  year	  before	  a	  steady-­‐
state	  condition	  is	  reached.	  Clinicians	  should	  be	  aware	  that	  subcrestal	  implant	  placement	  is	  advisable	  
to	  assure	  that	  the	  implant	  neck	  is	  not	  exposed	  to	  submucosal	  bacterial	  accumulation.	  This	  may	  also	  
overcome	   	   aesthetical	   consequences	   such	   as	   recessions	   sometimes	   exposing	   implant	   or	   abutment	  
components.	  	  
	  	  	  
198
Chapter	  11	  -­‐	  DISCUSSION	  
iv.Osseotite®	  and	  NanotiteTM	  implant	  outcome	  
During	   the	   last	   decade,	   implant	   treatment	   has	   progressed	   from	   the	   traditional	   two-­‐stage	   surgical	  
protocol	  with	  long	  healing	  times	  to	  accelerated	  loading	  protocols.	  This	  coincided	  with	  the	  shift	  from	  
smooth	   to	   rough	   surface	   texture	   	   implants	   to	   implants	   designed	   with	   macro-­‐,	   micro-­‐,	   and	   nano-­‐
surface	  modification.	  Besides	  a	  better	  biologic	  understanding	  of	  the	  concept	  of	  osseointegration	  and	  
more	  clinical	  expertise	  in	  daily	  clinical	  practice,	  implant	  components	  have	  been	  improved	  to	  perform	  
in	  a	  predictable	  way	  under	  challenging	  clinical	   	  situations.	  The	  tapered	  implant	  design	  has	  grown	  in	  
popularity	  and	  is	  today	  wildly	  used	  because	  of	  a	  standardized	  drill	  protocol	  and	  the	  ability	  to	  attain	  
good	  primary	   stability.	  Good	  primary	   stability	   is	   one	  of	   the	  most	   important	   factors	  when	   applying	  
immediate	  loading	  and	  is	  based	  on	  torque	  resistance	  during	  implant	  placement.	  An	  insertion	  torque	  
of	  30–40	  Ncm	  before	  the	   implant	   is	   fully	  seated	  seems	  to	  be	  a	  good	   indicator	  that	  the	   implant	  has	  
reached	   sufficient	   stability	   for	   immediate	   loading.	   Implant	   surface	   topography	   may	   be	   another	  
important	   factor	   for	   proper	   integration	   in	   challenging	   situations,	   such	   as	   immediate	   loading.	   The	  
minimally	   rough	   surface	   Nanotite™	   (	   BIOMET	   3i,	   Palm	   Beach	   Gardens,	   FL,	   USA	   )	   featuring	  
nanotopography	   with	   calcium	   phosphate	   nanoparticles	   added	   to	   the	   dual	   acid-­‐etched	   titanium	  
surface	   was	   presented	   in	   2007.	   Only	   limited	   information	   is	   available	   on	   short-­‐	   and	   long-­‐term	  
outcome	   of	   immediately	   loaded	   tapered	   implants	   and	   to	   the	   knowledge	   of	   the	   authors,	   no	  
information	  specifically	  on	  Nanotite	  Tapered	  Implants	  is	  currently	  available	  160.	  The	  characteristics	  of	  
the	  surface	  topography	  of	  Osseotite®	  and	  NanotiteTM	  implants	  are	  analysed	  with	  Interferometry.	  	  	  
The	  third	  clinical	  study	  evaluating	  implant	  survival	  and	  success	  is	  presented	  in	  Chapter	  8	  paper	  6	  and	  
evaluated	   immediate	   loading	  with	   a	   full	   arch	   provisional	   bridge	   on	   4	   BIOMET	   3i®	   implants	   (	   Palm	  
Beach	  Gardens,	  Floride,	  USA	  ).	  Two	  types	  of	  implant	  surfaces	  were	  used:	  NanotiteTM	  and	  Osseotite®.	  
The	   Osseotite®	   implant	   has	   a	   dual	   acid-­‐etched	   titanium	   surface.	   The	   NanotiteTM	   implant	   has	   dual	  
acid-­‐etched	   titanium	   surface	   with	   a	   discrete	   crystalline	   surface	   deposition	   of	   calcium	   phosphate	  
particles.	  
With	   regard	   to	   surface	   topography,	   several	   studies	   have	   reported	   an	   improved	   survival	   rate	   for	  
moderately	  rough	  implants,	  especially	  in	  demanding	  conditions	  such	  as	  poor	  quality	  bone	  compared	  
with	   turned	   161,	   162.	   Furthermore,	   the	   introduction	   of	   nanotechnology	   to	   implant	   surfaces	   has	  
enhanced	   the	  osteoconductivity	  of	   the	   implant	  and	  many	  of	   the	   implant	  manufacturers	   claim	   that	  
their	   implants	  possess	  nanotopography	   163.	  Clinical	  studies,	  although	  still	   limited	   in	  numbers	  and	   in	  
follow-­‐up	  time,	  indicate	  that	  the	  effect	  of	  the	  nano-­‐structured	  implants	  may	  be	  beneficial	  for	  higher	  
success.	   Studies	   prove	   that	   the	   usage	   of	   surface	   modified	   implants	   has	   increased	   the	   success	   of	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immediate	   loading.	   Theoretically,	   the	   bioactive	   topographical	   feature,	   which	   enhances	   the	   initial	  
osseointegration	  cascade,	  should	  enhance	  implant	  success	  164-­‐166.	  	  
The	  primary	  outcome	  of	  the	  study	  was	  focused	  on	  bone	  healing	  using	  histomorphometic	  analysis	  of	  
microscrews	  placed	  in	  sinuslifted	  bone	  as	  published	  in	  paper	  5.	   	  Additionally,	  the	  difference	  in	  peri-­‐
implant	  bone	  loss	  between	  implants	  with	  a	  different	  surface	  topography	  and	  design	  was	  evaluated.	  
The	   clinical	   outcome	   of	   the	   normal	   diameter	   	   implants,	   that	   were	   immediately	   loaded	   with	   a	  
provisional	  bridge,	  was	  not	  published	  yet	  but	  is	  discussed	  below.	  
Osseotite®	   and	   NanotiteTM	   implants	  were	   placed	   alternated	   to	   allow	   comparison	   of	   both	   surfaces	  
within	   the	   same	   patient.	   Implants	  were	   placed	   after	   crestal	   incision,	   and	   full-­‐thickness	   flaps	  were	  
raised	   in	   order	   to	   visualize	   anatomic	   structures	   and	   availability	   of	   bone.	   The	   drilling	   protocol	   was	  
adapted	  to	  the	  bone	  quality	  subjectively	  assessed	  by	  the	  surgeon	  in	  order	  to	  enhance	  initial	  implant	  
stability.	  All	   implants	  were	  placed	  subcrestally	  or	  crestally,	   taking	  biologic	  width	   in	   relation	  to	   	   soft	  
tissue	  thickness	  into	  consideration.	  Implant	  components	  such	  as	  abutments	  and	  impression	  copings	  
were	  used	  according	  to	  the	  manufacturer’s	  guidelines,	  and	  the	  flap	  was	  sutured	  prior	  to	  impression.	  
The	   impression	   was	   taken	   at	   the	   time	   of	   surgery	   according	   to	   a	   treatment	   protocol	   previously	  
described	   138,	   146.	  All	   implants	  were	   immediately	   loaded	  with	  a	  10	   to	  12-­‐unit	   screw-­‐retained	  metal-­‐
reinforced	   acrylic	   provisional	   bridge	   manufactured	   by	   the	   dental	   technician	   and	   placed	   within	   72	  
hours	   after	   surgery.	   Minor	   occlusal	   adjustments	   were	   made	   to	   achieve	   spreading	   of	   the	   occlusal	  
load.	   Patients	   were	   enrolled	   in	   a	   recall	   program	   after	   implant	   placement	   to	   ensure	   a	   good	   oral	  
hygiene	  and	  to	  evaluate	  the	  provisional	  implant	  fixed	  complete	  denture	  (	  IFCD	  ).	  After	  six	  months,	  a	  
definitive	  IFCD	  was	  provided.	  The	  clinical	  parameters	  were	  evaluated	  at	  baseline,	  after	  an	  average	  of	  
26	  months	  and	  at	  the	  final	  examination	  on	  average	  after	  57	  months.	  The	  clinical	  follow-­‐up	  time	  is	  in	  
the	  meantime	   close	   to	   5	   years	  which	   furthermore	   allowed	   us	   to	   study	   peri-­‐implant	   health	   after	   a	  
sufficiently	  long	  time	  in	  order	  to	  assess	  the	  peri-­‐implantitis	  risk	  for	  both	  surfaces.	  
A	   digital	   peri-­‐apical	   radiograph	  was	   taken	   after	   implant	   insertion	   (	   baseline	   )	   and	   during	   research	  
visits	   in	   order	   to	   visualize	   the	   crestal	  marginal	   bone-­‐to-­‐implant	   contact.	   They	  were	   analyzed	  with	  
Mediadent®	  software	  (	  Corilius	  NV,	  Kruibeke,	  Belgium	  ).	  Twenty	  randomly	  selected	  radiographs	  were	  
measured	   twofold	   by	   two	   clinicians	   to	   analyze	   intra–	   and	   interexaminer	   reliability.	   	   Plaque	   and	  
bleeding	  on	  probing	  were	  evaluated	  on	   four	   sites	   around	  each	   implant	   according	   to	   the	  Mombelli	  
index	   167.	   The	  presence	  of	  plaque	  was	   tested	  by	   running	   the	   side	  of	   the	  probe	  around	   the	   implant	  
surface	  at	  the	  peri-­‐implant	  sulcus.	  Bleeding	  was	  evaluated	  by	  gently	  sliding	  through	  the	  sulcus	  with	  a	  
periodontal	  probe.	  Pockets	  were	  measured	  at	  4	  sites	  of	  the	  implants.	  
Pairwise	  analysis	  of	  crestal	  bone	  changes	  and	  clinical	  parameters	  was	  performed	  with	  the	  Wilcoxon	  
Signed	   Ranks	   test.	   Correlations	   between	   clinical	   and	   radiographic	   measurements	   were	   calculated	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using	   the	   Spearman	   Correlation	   coefficient.	   The	   inter-­‐	   and	   intra-­‐	   examiner	   reproducibly	   of	   the	  
radiographic	   analysis	   was	   calculated	   by	   means	   of	   the	   spearman	   correlation	   coefficient	   and	   the	  
Wilcoxon	   Signed	  Rank	   tests.	   All	   test	  were	   performed	  using	   SPSS	   (	   version	   19.0,	   	   SPSS,	   Chicago,	   IL,	  	  	  




Figure	  11.6	  	  shows	  the	  outline	  of	  the	  clinical	  trial	  and	  the	  dropouts	  in	  time	  of	  both	  implants	  	  and	  patients.	  	  
After	  close	   to	  5	  years	   follow-­‐up	  22	  Osseotite®	  and	  22	  NanotiteTM	   implants	  were	  available	   for	  bone	  
loss	  measurements	  in	  11	  patients.	  In	  total	  4/56	  implant	  were	  lost.	  One	  patient	  lost	  1	  implant	  during	  
provisionalisation.	   He	   was	   retreated	   successfully.	   Another	   patient	   lost	   3	   out	   of	   4	   implants.	   He	  
received	  new	  implants	  at	  a	   later	  stage.	  From	  2	  patients	  no	   information	  was	  available	  because	  they	  
were	  lost	  to	  follow-­‐up.	  As	  far	  as	  we	  know,	  implant	  survival	  was	  92.9%	  after	  close	  to	  5	  years.	  
The	  mean	  crestal	  bone	   loss	  on	  43	   implants	  after	  a	  mean	   follow-­‐up	  time	  of	  57	  months	   is	  1.48	  mm,	  	  
which	   is	   highly	   successful	   when	   the	   criteria	   of	   Albrektsson	   and	   Isidor	   168	   for	   implant	   success	   are	  
applied.	   These	   classify	   an	   implant	   as	   a	   success	   when	   it	   is	   immobile,	   shows	   no	   persistent	   pain	   or	  
paresthesia	  and	  has	  an	  average	  marginal	  bone	  loss	  of	  <1.5	  mm	  during	  the	  first	  year	  after	  loading	  and	  
<0.2	  mm	  annually	  thereafter.	  In	  the	  present	  study,	  this	  would	  allow	  for	  a	  mean	  marginal	  bone	  loss	  of	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1.94-­‐2,60	  mm	  since	  the	  range	  for	  follow-­‐up	  was	  34-­‐77	  months.	  From	  the	  boxplot	  one	  can	  see	  that	  a	  
few	   implants	   lose	   more	   bone	   than	   accepted.	   There	   was	   no	   significant	   difference	   in	   bone	   loss	  
between	   implants	  with	   an	  Osseotite®	   or	   NanotiteTM	   topography.	   This	   is	   in	   agreement	  with	   earlier	  
studies	  of	  Hinze	  et	  al	  and	  Tealdo	  et	  al.169,	  170.	  	  The	  mean	  bone	  loss	  on	  22	  Osseotite®	  (	  1.56	  mm	  )	  and	  
22	  NanotiteTM	  (	  1.40	  mm	  )	  implants	  was	  pairwise	  compared	  in	  11	  patients	  who	  had	  both	  implants	  in	  
equal	  number	  and	  was	  not	  statistically	  significantly	  different	  (	  P=	  0.68	  ).	  	  
	  
 
Figure	  11.7.	  Boxplot	  showing	  bone	  loss	  expressed	  in	  mm	  and	  devided	  in	  25%	  percentile	  range	  at	  the	  final	  examination.	  The	  
total	  group	  (n=44)	  split	  up	  in	  both	  Osseotite	  (n=22)	  or	  Nanotite	  (n=22)	  surfaces	  are	  given.	  In	  the	  total	  material,	  75%	  of	  all	  
implants	  have	  bone	  loss	  below	  2	  mm.	  
Figure	  11.7	  shows	  a	  boxplot	  with	  the	  bone	  loss	  of	  all	  implants	  and	  both	  surfaces.	  The	  differences	  in	  
the	  mean	   bone	   level	   did	   not	   exceed	   0.3	  mm	   (	   corresponding	   to	   half	   a	   thread	   )	   and	   the	  Wilcoxon	  
Signed	  Rank	  test	  could	  not	  detect	  a	  significant	  difference	  (	  P=0.21	  ).	  	  
The	  mean	  overall	  and	   interproximal	  probing	  depth	  was	  3.5	  mm	  (	   range	  2-­‐5;	  SD	  0.72	   )	  and	  3.7	  mm	  	  	  	  	  	  	  
(	   range	  3.0	   -­‐6	  5.5;	   	   SD	  0.73	   ),	   respectively	   (	  Figure	  11.8	   ).	   75%	  of	  all	   implants	  had	  a	  mean	  probing	  
depth	   below	   4	   mm	   and	   only	   2.3%	   had	   a	   probing	   depth	   above	   5	   mm.	   Despite	   the	   stable	   bone	  
condition	  and	  low	  probing	  depths,	  sulcus	  bleeding	  was	  present	  around	  66%	  of	  the	  implants	  on	  1	  or	  
more	   sites	   but	   only	   1	   implant	   presented	   with	   pus.	   45.5%	   of	   the	   implants	   showed	   plaque	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accumulation	   in	   contact	   with	   the	   mucosal	   tissues	   explaining	   the	   high	   mucositis	   prevalence,	   the	  
consequence	   of	   an	   imperfect	   oral	   hygiene	   level.	   There	   was	   no	   difference	   in	   peri-­‐implant	   health	  
between	   the	   2	   surfaces.	   If	   the	   threshold	   for	   peri-­‐implant	   disease	   was	   set	   arbitrarily	   below	   4	  mm	  
probing	  depth,	  82%	  of	  the	  implants	  were	  safe.	  If	  one	  takes	  however	  5	  mm	  as	  a	  threshold,	  as	  recently	  





Figure	  11.8	  showing	  the	  probing	  depth	  (mm)	  around	  each	  implant.	  
The	  clinical	  study	  evaluated	  implant	  survival	  and	  peri-­‐implant	  outcome	  of	  NanotiteTM	  and	  Osseotite®	  
dental	   implants	  with	   an	   immediate	   loading	   protocol.	   Although	   immediate	   loading	   is	   supported	   by	  
numerous	   reports	   with	   satisfactory	   outcomes	   103,	   138,	   146,	   172	   the	   available	   literature	   on	   immediate	  
loading	   with	   BIOMET	   3i	   implants	   is	   rather	   scarce.	   There	   are	   relatively	   few	   papers	   available	   on	  
immediate	  loading	  protocols	  and	  treatment	  outcome	  for	  the	  maxillary	  full	  jaw	  reconstructions	  with	  a	  
least	  one	  year	  follow-­‐up.	  In	  the	  current	  study	  the	  cumulative	  	  survival	  rate	  in	  the	  maxilla	  was	  97.7%	  
after	  on	  average	  57	  months.	  This	   is	  consistent	  with	  reports	  on	  survival	  rates	  of	   immediately	  loaded	  
maxillary	   implants	   with	   the	   Biomet	   3i	   implant	   system	   170,	   173	   .	   However,	   Ibanez	   &	   coworkers	   174	  
reported	  no	  implant	  failures	  after	  a	  follow-­‐up	  of	  12-­‐74	  months	  with	  in	  total	  217	  immediately	  loaded	  
dual	  etched	  BIOMET	  3i	   implants	   in	  26	  patients.	   In	  this	  study	   larger	   implant	  numbers	  per	  case	  were	  
used	   (	   8-­‐10	   implants	   ),	   attributing	   to	   a	   more	   evenly	   distributed	   occlusal	   load,	   minimizing	   micro-­‐
motions	   on	   implant	   level.	   In	   the	   current	   paper,	   4-­‐8	   implants	  were	   placed,	   so	   the	   occlusal	   load	   on	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each	   implant	   was	   higher.	   This	   could	   lead	   to	   higher	   micro-­‐movements	   on	   the	   implant	   level.	  
Additionally,	   in	   the	   current	   study,	   44	   implants	   were	   placed	   in	   bone	   of	   poor	   quality,	   according	   to	  	  
Lekholm	  and	  Zarb	  classification	  I	  or	  II	  175.	  	  
	  
In	   conclusion,	   the	   clinical	   study	   again	   confirmed	   that	   the	   immediate	   loading	   protocol	   is	   successful	  
provided	   high	   implant	   stability	   and	   a	   balanced	   occlusion	   and	   proper	   case	   selection.	   Despite	   the	  
critical	   bone	   mass	   the	   5	   year	   outcome	   is	   97%	   implant	   survival	   and	   less	   than	   3%	   of	   the	   implants	  
diagnosed	  with	  peri-­‐implantitis.	  The	  beneficial	  effect	  of	  nanocoated	  implant	  surfaces	  is	  not	  sustained	  
with	  the	  clinical	  outcome	  neither	  from	  bone	  level	  nor	  from	  peri-­‐implant	  health	  perspective.	  On	  the	  
other	  hand,	  there	  is	  no	  sign	  that	  nanotechnology	  would	  hamper	  soft	  tissue	  health.	  	  
	  
	   v.Histologic	  evaluation	  of	  micro-­‐implants	  in	  sinuslifting	  
The	  clinical	  study	  reprinted	   in	  Chapter	  8	  paper	  6	   	  evaluated	  histomorphometrically	  whether	  or	  not	  
implant	  surface	  nano-­‐topography	   improves	  the	  bone	  response	  under	   immediate	   loading	  conditions	  
simultaneous	   to	   sinus	   grafting.	   Therefore	   dual	   acid-­‐etched	   titanium	   microimplants	   with/without	  
crystalline	   surface	   deposition	   of	   calcium	   phosphate	   particles	   were	   inserted	   in	   bilateral	   sinuslifted	  
areas,	   grafted	   with	   a	   mixture	   of	   iliac	   crest	   bone	   and	   BBM.	   The	   degree	   of	   osseointegration	   is	  
presented	  	   in	  terms	  of	  bone-­‐to-­‐implant	  contact	  (	  BIC	  )	  and	  bone	  fill	   in	  the	  implant	  threads	  (	  BA	  )	  of	  
microimplants	  installed	  simultaneous	  with	  sinus	  floor	  elevation	  and	  ridgidly	  connected	  to	  4	  anterior	  
implants	  (	  Figure	  11.9	  and	  11.10	  ).	  Splinting	  of	  the	  miniscrews	  was	  necessary	  to	  avoid	  early	  failure	  of	  
the	   miniscrews.	   As	   a	   consequence	   functional	   loading	   of	   the	   miniscrews	   was	   not	   avoided.	  
Immobilisation	  of	  the	  loaded	  microimplants	  (	  MsL	  )	  was	  performed	  by	  usage	  of	  a	  provisional	  bridge	  
supported	  by	   four	  normal	   size	   implants	   in	   the	   frontregion	  of	  maxilla	   and	   the	  microimplants	   in	   the	  
lateral	   areas.	   Some	   patients	   had	   unloaded	   microimplants	   as	   controls	   (	   MsU	   ).	   Biopsies	   were	  
trephined	   after	   2	   or	   4	  months	   and	   histomorphometric	   analysis	   of	   bone	   area	   (	   BA	   )	   and	   bone-­‐to-­‐
implant	  contact	   (	  BIC	   )	  was	  performed.	  Non-­‐parametric	  methods	   for	  dependent	  data	  were	  used	   to	  
compare	  the	  effect	  of	  surface	  modification	  and	  the	  	  healing	  time	  (	  2	  vs.	  4	  months	  ).	  	  From	  13	  patients	  
in	  total	  	  53	  biopsies	  were	  available.	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Figure	   11.9:	   Biopsy	   of	   a	   Osseotite®	   microscrew	   and	   details	   showing	   osseointegration	   after	   4	   months	   of	   loading.	   The	  
magnification	  shown	  in	  the	  green	  window	  depicts	  an	  area	  shows	  a	  giantcell	  indicative	  of	  	  possible	  bone	  resorption.	  
	  
	  
Figure	  11.10:	  Biopsy	  of	  a	  NantiteTM	  microscrew	  and	  details	  showing	  lack	  of	  osseointegration	  at	  the	  apical	  third	  and	  and	  soft	  
tissue	  interpositioning	  in	  the	  coronal	  part	  of	  the	  microscrew	  (b)	  after	  4	  months	  of	  loading.	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The	  detailed	   analysis	   showed	   that	   both	   surfaces	   yielded	   an	   equal	   outcome	   for	   BIC	   and	  BA.	   This	   is	  
explained	   in	   detail	   in	   the	   paper	   and	   summarized	   in	   Figure	   11.11	   and	   Figure	   11.12	   showing	   the	  
average	   contact	   over	   the	   10	   upper	   threads.	   The	   apical	   third	   of	   the	   biospy	  was	   discarded	   because	  
many	   samples	   had	   no	   bone	   in	   close	   vicinity	   of	   the	  miniscrew	   or	   the	   biopsy	  was	   totally	   damaged.	  
Because	  there	  was	  no	  difference	  between	  surface	  configuration,	  both	  implant	  surfaces	  were	  pooled	  
only	  loading	  time	  and	  loading	  condition	  is	  further	  discussed.	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Figure	  11.11	  Boxplot	  showing	  BIC%	  and	  BA%	  as	  measured	  over	  the	  upper	  10	  threads	  in	  both	  Osseotite	  and	  Nanotite	  loaded	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Figures	   11.12	   shows	   the	   gradual	   increase	   of	   BA	   and	   BIC	  measured	   over	   the	   upper	   ten	   treads	   between	   2	   and	   4	  months,	  
indicative	  of	  a	  healing	  process.	  This	  is	  present	  at	  loaded	  (Figure	  a)	  and	  unloaded	  (Figure	  b)	  implants	  
	  
MsL	  decreased	  in	  BA	  from	  coronal	  to	  apical	  from	  2	  to	  4	  months;	  Coronal	  >	  Middle,	  Coronal	  >	  Apical	  
and	  Middle	  >	  Apical.	  This	  gradual	  decrease	  was	  not	  observed	  for	  BC;	  Coronal	  <	  Middle	  and	  Middle	  >	  
Apical.	  Only	  the	  middle	  part	  showed	  significant	  bone	  contact	  after	  2	  months.	  For	  MsL	  there	  was	  no	  
statistically	   significant	   difference	   between	   surface	   or	   time	   indicating	   that	   improvement	   of	  
osseointegration	   over	   time	   due	   to	  maturation	   of	   the	   graft	   was	   poor.	   The	  MsU	   did	   not	   show	   any	  
difference	   between	   Osseotite	   and	   Nanotite	   for	   BIC	   and	   BA	   but	   doubled	   both	   their	   BA	   and	   BIC	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Fig	  11.13	  a	  and	  b:	  shows	  the	  BA	  (	  %	  )	  and	  BIC	  (	  %	  )	  in	  the	  apical,	  middle	  and	  coronal	  part	  of	  both	  implant	  systems,	  measured	  
per	  5	  threats	  after	  2	  and	  4	  months.	  	  
	  
Jensen	  &	  Sennerby	  176	  were	  one	  of	  the	  first	  to	  evaluate	  histomorphometrically	  the	  osseointegration	  
process	   of	   turned	  microimplants	   installed	   in	  mature	   or	   in	   grafted	   bone.	  Using	   a	   2-­‐stage	   approach	  
with	   6–14	  months	   unloaded	   healing,	   implants	   placed	   simultaneously	   with	   bone	   graft	   in	   sinus-­‐lifts	  
showed	   a	   good	   clinical	   outcome	   in	   terms	   of	   implant	   survival,	   however,	   the	   histological	   evaluation	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revealed	  that	  most	  of	  the	  implants	  were	  not	  in	  contact	  with	  the	  graft	  after	  6	  months.	  Today,	  there	  is	  
growing	  evidence	  that	  implants	  with	  enhanced	  surface	  modifications	  improve	  the	  degree	  of	  	  BIC	  177-­‐
179.	  The	  healing	  time	  of	  the	  maxillary	  sinus	  augmented	  with	  autogenous	  bone	  seems	  to	  be	  critical	  for	  
the	   measurement	   of	   newly	   formed	   bone	   180,	   181.	   Autologous	   graft	   resorption	   after	   augmentation	  
results	  in	  a	  significantly	  lower	  total	  bone	  volume	  between	  4.5	  and	  9	  months	  180,	  181	  due	  to	  the	  initial	  
resorption	  of	  the	   inserted	  graft	  and	  the	  steady	  replacement	  of	  de	  novo	  bone	  32,	   182.	  Following	  sinus	  
graft,	  apical	  reduction	  in	  graft	  height	  is	  reported	  and	  occurs	  mainly	  during	  the	  first	  1–1.5	  years	  and	  
minimal	   thereafter	   183,	   184.	   Another	   study,	   however,	   reported	   an	   increase	   in	   BA	   after	   the	   initial	  
reduction,	   leading	   to	   re-­‐establishment	   of	   the	   original	   grafted	   volume	   185.	   In	   addition,	   the	   effect	   of	  
sinus	  pneumatization	  must	   also	  be	   taken	   into	   consideration	  with	   respect	   to	   the	   integration	  of	   the	  
apical	   part	   of	   the	   implant.	   Peleg	   et	   al.	   186	   reported	   that	   only	   50%	   of	   the	   implants	   had	   fully	   bone	  
coverage	  on	  all	  sides	  after	  9	  months	  and	  only	  35%	  had	  bone	  coverage	  above	  the	  apex.	  Sbordone	  et	  
al.	  187	  reported	  that	  after	  1	  year,	  the	  implant	  apex	  was	  situated	  equally	  or	  through	  the	  grafted	  sinus	  
floor,	   depending	   on	   the	   graft	   material.	   The	   characteristics	   of	   the	   implant	   surface	   and	   the	   bone	  
forming	  capacity	  of	  the	  Schneiderian	  membrane	  seems	  also	  to	  be	  important.	  More	  bone	  formation	  is	  
seen	  around	   the	  oxidized	  modified	   surface	  compared	   to	   the	   turned	  surface	  and	  more	  bone	   is	  also	  
observed	   in	   the	   non-­‐augmented	   sites	  with	   blood	  only.	  One	   should	   keep	   in	  mind	   that,	   before	   new	  
bone	   formation	   can	   occur,	   the	   grafted	   bone	   has	   to	   be	   resorbed	   and	   replaced,	   whereas	   direct	  
formation	  can	  start	  in	  the	  blood	  clot	  side.	  However,	  the	  bone	  formation	  is	  only	  seen	  in	  the	  marginal	  
parts	  around	   the	   implants.	  This	   resembles	   the	  situation	   in	  human	  anatomy	  where	  the	   roots	  of	   the	  
teeth	   protrude	   into	   the	   sinus	   floor	   and	   are	   only	   covered	   by	   a	   thin	   layer	   of	   bone.	   So,	   one	  may	   be	  
questioning	   the	   bone	   forming	   capacity	   of	   the	   sinus	   augmentation	   technique.	   Some	   bone	  
regeneration	  does	  occur	  as	  a	  result	  of	  this	  procedure	  but	  the	  actual	  clinical	  benefit	  remains	  doubtful.	  
One	   should	   also	   recognize	   that	   this	   method	   has	   not	   been	   evaluated	   against	   appropriate	   control	  
procedures.	  Srouji	  et	  al.	   188	   recently	  attempted	  to	  explain	  the	  formation	  of	  bone	  beneath	  the	  sinus	  
membrane	  by	  exploring	  the	  osteogenic	  potential	  of	  the	  Schneiderian	  membrane.	  When	  using	  bone	  
substitutes,	   it	   remains	  unclear	  whether	   this	   is	   advantageous.	   In	   the	  majority	  of	   the	  human	  studies	  
concerning	   sinus	   augmentation,	   patients	   with	   a	   history	   of	   sinusitis,	   immune	   system	   disorders,	  
systemic	  diseases	  and	  smokers	  were	  excluded.	  Sinus	  membrane	  perforation	  was	  the	  most	  frequently	  
reported	   complication,	   ranging	   from	   0%	   to	   58%.	   Partial	   graft	   loss	   is	   found	   in	   0-­‐25%	   of	   all	   treated	  
cases	  and	  total	  graft	  loss	  in	  2.6%.	  However,	  this	  event	  seems	  to	  be	  independent	  of	  the	  graft	  material.	  
Using	   only	   AB	   will	   not	   protect	   patients	   from	   developing	   sinusitis	   or	   graft	   loss.	   Nevertheless,	  
resorption	   of	   graft	   material	   is	   the	   principle	   reason	   to	   choose	   non-­‐resorbable	   bone	   substitutes	   in	  
sinus	   floor	   augmentation.	   On	   the	   other	   hand,	   resorption	   of	   the	   graft	   material	   does	   not	   seem	   to	  
influence	  implant	  survival.	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Although	  immediate	  loading	  is	  supported	  by	  numerous	  reports	  103,	  138,	  146,	  172,	  188	  ,the	  posterior	  maxilla	  
is	  more	  challenging	  because	  of	  higher	  occlusal	  forces,	   inferior	  bone	  quality,	  and	  the	  position	  of	  the	  
maxillary	   sinus	   which	   often	   compromises	   the	   available	   bone	   height	   189,	   190.	   Widmark	   et	   al.	   191	  	  
revealed	  a	  higher	  implant	  failure	  risk	  in	  patients	  with	  severely	  resorbed	  grafted	  maxillae	  compared	  to	  
patients	  with	  a	  good	  bone	  quantity	  and	  quality.	  Implant	  losses	  were	  especially	  seen	  during	  the	  first	  2	  
years.	   Implant	   survival	   is	   also	   dependent	   on	   the	   residual	   bone	   in	   the	   sinus	   floor	   and	   affected	   by	  
primary	   stability	   192.	   Lack	   of	   primary	   stability	   may	   result	   in	   micro-­‐motion,	   leading	   to	   fibrous	  
encapsulation	  instead	  of	  bone	  formation	  193.	  In	  some	  studies,	  the	  height	  of	  the	  residual	  alveolar	  ridge	  
steers	  the	  decision	  	  for	  a	  staged	  or	  simultaneous	  approach.	  The	  threshold	  to	  choose	  one	  or	  the	  other	  
was	  always	  arbitrarily	  and	  without	  scientific	  basis.	  In	  the	  current	  study,	  the	  residual	  bone	  height	  was	  
approximately	   4	   mm	   and	   91.3%	   of	   the	   loaded	   micro-­‐implants	   survived.	   Therefore,	   enhanced	  
modified	   implant	   surfaces	   could	   be	   of	   great	   importance	   but,	   to	   date,	   	   uncertainties	   remain	   on	  
whether	   the	   micro-­‐	   or	   nanotopography	   can	   affect	   osseointegration	   under	   immediate	   dynamic	  
loading	   conditions.	   The	   osseointegration	   of	   turned	   implants	   in	   bone	   grafts	   has	   been	   studied	   in	  
humans	  under	  various	  loading	  conditions	  by	  Sjostrom	  et	  al.	  194	  .	  They	  revealed	  that	  the	  placement	  of	  
implants	   6	  months	   after	   placement	   of	   a	   graft	   resulted	   in	   a	   better	   outcome	   compared	   to	   implant	  
placement	  simultaneous	  with	  grafting	  supposedly	  owing	  to	  the	   initial	  revascularization	  of	  the	  graft.	  
Studies	  that	  compared	  the	  histomorphometric	  outcome	  of	  dual	  acid	  etched	  with	  or	  without	  discrete	  
deposition	   of	   nanometer-­‐scale	   calcium	   phosphate	   installed	   in	   mature	   bone	   revealed	   that	   the	   BIC	  
increased	  with	   the	  modified	  surface	   195-­‐200.	  None	  of	   these	   former	  mentioned	  clinical	   studies	  used	  a	  
methodology	  comparable	  to	  the	  one	  used	  in	  the	  present	  study,	  since	  the	  implants	  were	  not	  loaded	  
and	  installed	  in	  a	  2-­‐stage	  procedure.	  On	  the	  other	  hand,	  the	  fact	  that	  the	  microimplants	  were	  loaded	  
immediately	  may	  have	  resulted	   in	  excessive	   loading	   in	  some	  cases.	  This	  may	  be	  the	  reason	  for	   the	  
low	   degree	   of	   BIC.	   Although	   the	   nanostructured	   implant	   surface	   may	   be	   a	   potential	   factor	   for	  
enhancing	  osseointegration,	  it	  can	  be	  speculated	  that	  this	  effect	  	  could	  not	  provide	  its	  advantages	  in	  
the	   current	   study,	   due	   to	   the	   micro-­‐motions	   caused	   by	   immediate	   loading,	   which	   may	   have	  
hampered	  the	  integration	  and	  bone	  formation	  in	  the	  grafted	  part.	  
In	  conclusion	  human	  histology	  shows	  that	  osseointegration	  of	  implants	  placed	  in	  sinus	  lifted	  bone	  is	  
poor	   regardless	  of	   the	   implant	   surface	  used.	  One	   should	  question	  whether	   the	  extensive	  usage	  of	  
this	   procedure	   should	   not	   be	   revised.	   When	   it	   comes	   to	   immediate	   loading	   in	   critical	   bone,	  
overloading	   must	   be	   considered	   as	   a	   detrimental	   risk	   factor	   for	   failure	   or	   poor	   bone-­‐to-­‐implant	  
contact.	   Research	   should	   aim	   to	   provide	   more	   clinical	   evidence	   regarding	   the	   best	   options	   for	  
grafting	  in	  critical	  procedures	  with	  or	  without	  implant	  placement,	  especially	  with	  immediate	  loading.	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11.3	   SATISFACTION	  AND	  IMPLANT	  REHABILITATION	  OUTCOME	  
Edentulism	  is	  often	  associated	  with	  functional	  and	  aesthetic	  burdens	  and	  is	  known	  to	  lower	  quality	  of	  
life.	   Rehabilitation	   with	   fixed	   cross-­‐arch	   implant-­‐supported	   prostheses	   is	   a	   reliable	   and	   successful	  
treatment	  alternative	  to	  conventional	  denture	  wearing.	  Clinical	  studies	  revealed	  that	   the	  transition	  
of	  a	  removable	  to	  an	  implant	  borne	  fixed	  denture	  201,	  202	  or	  removable	  implant	  retained	  overdenture	  
118	  improves	  overall	  patient	  satisfaction.	  Satisfaction	  is	  defined	  as	  subjective	  opinion	  of	  the	  patient	  in	  
relation	  to	  chewing	  function,	  aesthetics,	  chewing	  ability	  and	  retention.	  The	  teeth,	  apart	  from	  serving	  
a	  chewing	  and	  appearance	  function,	  also	  play	  a	  part	  in	  the	  articulation	  of	  speech	  sounds	  along	  with	  
the	  tongue.	  Any	  abnormality	  of	  the	  teeth,	  missing	  teeth	  or	  replacement	  of	  one	  or	  more	  teeth	  could	  
negatively	  affect	  or	   influence	   the	  production	  of	   specific	   speech	   sounds	   203.	   In	  daily	   clinical	  practice	  
questions	   regarding	   oromyofunctional	   behavior	   and	   especially	   speech	   production	   after	   implant	  
placement	  occur	  on	  a	  regular	  basis	  especially	  in	  professional	  	  speakers.	  In	  the	  latter	  group,	  even	  the	  
smallest	   of	   articulation	   problems	   can	   have	   career	   consequences	   or	   hamper	   the	   practice	   of	   their	  
profession.	  	  
Reduction	  in	  bone	  volume	  can	  influence	  the	  positioning	  of	  dental	  implants	  and	  consequently	  also	  the	  
prosthetic	   design	   and	   phonetics.	   Often,	   dental	   implant	   treatment	   concepts	   are	   based	   on	  
standardized	   clinical	   procedures	   focusing	   only	   on	   tooth	   replacement.	   Additional	   patient	   related	  
complications	   such	   as	   phonetical	   disorders	   or	   functional	   as	  well	   as	   psychosocial	   aspects	   are	   often	  
forgotten.	   In	   this	   PhD,	   we	   evaluated	   the	   impact	   of	   patient	   related	   factors	   such	   as	   treatment	  
satisfaction	  or	   non-­‐implant	   related	  outcome	   variables	   (speech,	   eating	   comfort).	   The	   author	   of	   this	  
thesis	  felt	  that	  the	  opinion	  of	  the	  patient,	  	  assessed	  using	  validated	  instruments	  (OHIP-­‐14),	  in	  relation	  
to	  his	  social	  functioning	  could	  not	  be	  forgotten.	  	  
The	   subjective	   opinion	   of	   patients	   treated	   with	   implants	   is	   scarcely	   reported	   as	   summarized	   in	  
chapter	  I.	  In	  a	  questionnaire	  study	  on	  patients	  wearing	  removable	  full	  dentures	  in	  either	  mandible	  or	  
maxilla	   it	   was	   revealed	   that	   phonetical	   problems	   were	   the	   reason	   for	   choosing	   implant	   borne	  
prostheses	   in	   60%	   and	   46%	   of	   the	   cases	   for	   the	   maxilla	   and	   mandible	   respectively	   201.	   Phonetic	  
problems	   in	  patients	  wearing	   large	  cross	  arch	  prostheses	  have	  been	   reported	   in	  66%	  of	  a	  Swedish	  
patient	  group	  204,	  especially	  for	  the	  /s/	  and	  /z/	  sounds.	  In	  a	  Flemish	  population	  similar	  problems	  were	  
encountered	  in	  84%	  of	  the	  patients	  presenting	  with	  disordered	  speech	  especially	  for	  /s//z//d/	  and	  /t/	  
sounds	   205.	   The	   impact	   of	   cross-­‐arch	   fixed	   implants	   supported	  prostheses	   according	   to	   the	   “all-­‐on-­‐
four”concept	  and	  using	  flapless	  surgery	  on	  speech	  characteristics	  and	  oromyofunctional	  behavior	  is	  
not	  investigated.	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In	   the	   research	   projects	   presented	   in	   this	   thesis,	   2	   papers	   reprinted	   in	   chapter	   9	   and	   10	   206,	   207	   ,	  
scrutinize	  overall	  satisfaction	  with	  treatment	  and	  phonetic	  aspects.	  Patients	  were	  treated	  with	  three	  
types	  of	  prosthetic	   rehabilitations:	  Group	  1	   consisted	  of	  15	  patients	   treated	  with	  a	   screw-­‐retained	  
fixed	   implant	  prosthesis	   (	   FIP	   )	   supported	  by	   four	  osseointegrated	   implants	   (	   all-­‐on-­‐four	   concept	   );	  
Group	  2	  comprised	  of	  15	  subjects	  who	  received	  a	  conventional	  complete	  removable	  denture	  (	  CRD	  );	  
Group	  3	  consisted	  of	  14	  patients	  who	  had	  received	  a	  single	  implant	  supported	  restoration	  (	  SIR	  )	   in	  
the	   maxillary	   aesthetic	   zone.	   In	   all	   treatment	   groups	   the	   time	   between	   placement	   of	   the	   new	  
prosthetic	  rehabilitation	  and	  the	  clinical	  and	  phonetic	  	  assessment	  was	  sufficient	  to	  allow	  for	  speech	  
adaptation.	   It	   is	  suggested	  that	  phonetics	  will	  adapt	  within	  4-­‐6	  months	  after	  treatment	  and	  remain	  
further	   unchanged	   over	   time	   201,	   208.	   A	   group	   of	   9	   subjects,	   without	   craniofacial	   deformities	   or	  
neuromotor	  dysfunction,	  served	  as	  untreated	  control	  and	  they	  all	  had	  a	  full	  natural	  dentition	  (	  ND	  )	  
without	  crowns,	  bridges	  or	  implant	  restorations	  in	  both	  jaws.	  	  
Subjects	   were	   asked	   to	   rate	   their	   overall	   satisfaction	   with	   their	   dental	   replacement	   or	   natural	  
dentition	   on	   a	   visual	   analogue	   scale.	   They	   scored	   their	   opinion	   regarding	   speech	   characterists	  
answering	  one	  question	  [‘Heeft	  u	  moeite	  gehad	  bij	  het	  uitspreken	  van	  woorden	  door	  problemen	  met	  
uw	  tanden,	  mond	  of	  kunstgebit?’],	  specifically	  assessing	  phonetical	  problems.	  The	  latter	  was	  derived	  
from	  the	  Dutch	  version	  of	  the	  OHIP-­‐14	  questionnaire	  209.	  Objective	  assessment	  techniques	  were	  used	  
by	   two	  experienced	  speech	   language	  pathologists	   to	  determine	   the	  speech	  characteristics	   (	  overall	  
speech	   intelligibility	   and	  phonetic	   characteristics	   )	   and	  oromyofunctional	  behavior.	   The	   latter	   term	  
refers	  to	  functions	  of	  the	  lip,	  tongue	  and	  functions	  blowing,	  sucking	  and	  swallowing	  210.	  
The	  overall	  satisfaction	  with	  the	  FIP	  ranged	  from	  50%	  in	  one	  subject	  to	  100%	  in	  4	  subjects.	  The	  mean	  
satisfaction	  scored	  87%.	  Regarding	  self-­‐perceived	  satisfaction	  with	  phonetics,	  53%	  (	  n=8	  )	  mentioned	  
problems	  with	  speech	  after	  treatment	  with	  the	  fixed	  implant	  prosthesis.	  According	  to	  these	  subjects	  
speech	   problems	  were	   effectively	   related	   to	   their	   implant	   treatment.	   In	   the	   ND	   control	   group	   no	  
articulation	   disorders	   were	   perceptually	   judged	   and	   the	   patients	   did	   not	   indicate	   any	   functional	  
problem.	  The	  satisfaction	  score	  was	  100%.	  In	  the	  patients	  who	  received	  a	  SIR	  the	  overall	  satisfaction	  
ranged	  between	  100%	  in	  7	  subjects	  to	  80%	  in	  one	  subject.	  The	  mean	  score	  was	  95%.	  Patients	  with	  a	  
CRD	   had	   a	   satisfaction	   score	   between	   20%	   in	   one	   subject	   to	   100%	   in	   two	   subjects	   and	   the	  mean	  
score	  was	  68%.	  There	  was	  a	  significant	  higher	  satisfaction	  among	  patients	  in	  the	  SIR	  group	  compared	  
to	  the	  CRD	  group	  but	  not	  between	  SIR	  and	  FIP.	  These	  results	  are	  summarized	  in	  Table	  2.	  The	  results	  
of	   this	   study	   are	   in	   contrast	  with	   the	   findings	   of	   several	   studies	   211-­‐213whereby	  only	   22-­‐32%	  of	   the	  
subjects	   treated	   with	   FIP	   experienced	   persisting	   	   subjective	   speech	   problems	   related	   to	   the	  
prosthesis.	   Dierens	   et	   al.	   202,	   revealed	   an	   over	   90%	   satisfaction	   after	   treatment	   with	   5-­‐8	   implant	  
based	  fixed	  bridges	  after	  6	  months	  with	  no	  further	  changes	  after	  1	  and	  3	  years.	  Oromyofunctional	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behavior	  was	  observed	  as	  normal	  in	  all	  4	  groups.	  For	  the	  FIP	  patients	  this	  outcome	  is	  in	  agreement	  
with	  literature	  	  205,	  214.	  	  
	  
Table	  2:	  overview	  of	  speech	  and	  satisfaction	  related	  outcome	  with	  implant	  retained	  rehabilitations,	  conventional	  removable	  
dentures	  and	  natural	  dentition.	  
	  
The	  objective	  phonetic	   inventories	   showed	   that	  none	  of	   the	   subjects	   in	   the	   four	  groups	   showed	  a	  
distortion	  of	  the	  vowels	  or	  semi-­‐vowels.	  In	  the	  SIR	  group	  only	  one	  type	  of	  articulation	  disorder	  was	  
observed,	   followed	   by	   three	   in	   the	   CRD	   and	   six	   types	   in	   the	   FIP	   group.	   The	   total	   percentage	   of	  
subjects	  presented	  with	  one	  or	  more	  distortions	  of	  the	  consonants	  was	  87%	  in	  the	  FIP,	  57%	  for	  the	  
SIR	  and	  60%	  for	  the	  CRD.	  The	  Dutch	  language	  has	  22	  consonants	  and	  subjects	  in	  FIP,	  SIR	  and	  CRD	  had	  
problems	  with	   respectively	   27%,	   5%	   and	   14%	   of	   all	   consonants.	   Especially	   the	   /s/	   is	   a	   vulnerable	  
sound	  because	  the	  teeth	  are	  significantly	  involved	  in	  the	  production	  of	  this	  sound.	  Both	  the	  FIP	  and	  
the	  CRD	  groups	  are	  comparable	  when	  it	  comes	  to	  speech	  disorders	  with	  /z/	  and	  /t/	  but	  it	  seems	  that 
especially	  the	  patients	  treated	  with	  an	  ”all-­‐on-­‐four”	  restoration	  have	  most	  speech	  related	  problems.	  
The	  detailed	  phonetic	  analysis	  in	  this	  study	  revealed	  that	  a	  sigmatism	  simplex	  (	  40%	  ),	  followed	  by	  a	  
sigmatism	  stridens	   (	  33%	   ),	   simplex	   /z/	   (	  27%	   )	  and	   insufficient	   frication	  of	   /sj/	   (	  20%	   )	   /zj/	   (	  20%	   )	  
were	  the	  most	  frequently	  observed	  phonetic	  disorders.	  	  Along	  with	  the	  tongue,	  the	  teeth	  are	  directly	  
involved	   in	   the	   production	   of	   the	   /s/	   and	   /z/	   sound.	   The	   frication	   of	   turbulence	   noise	   during	   the	  



























































Number of subjects 15  14  15  9 
Satisfaction with treatment 87% ns 95% < 0.01 68% <0.01 100% 
Self-perceived speech problems 53% < 0.01 0% = 0.03 33% = 0.03 0% 
Objective speech distortions of consonants 87% = 0.02 57% ns 60% <0.01 0% 
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Hypothetically,	  one	  can	  assume	  that	  a	  less	  ideal	  tooth	  position,	  related	  to	  malpositioning	  of	  implants	  
can	  interrupt	  the	  turbulent	  noise	  production	  in	  /s/	  resulting	  in	  a	  sigmatism	  simplex,	  stridens,	  simplex	  
/z/	  or	  distortion	  of	  /sj/	  and	  /zj/.	  	  In	  contrast	  to	  the	  above	  mentioned	  clinical	  studies	  the	  results	  of	  the	  
consensus	  perceptual	   evaluation	   in	   this	   study	   revealed	   in	  87%	   (	   13	  out	  of	   1	  5)	   of	   the	   subjects	   the	  
presence	  of	  one	  or	  more	  persisting	  phonetic	  distortions	  despite	  an	  adaptation	  period	  of	  more	  than	  7	  
months	   on	   average.	   Molly	   et	   al.	   208	   studied	   10	   patients	   treated	   with	   the	   flapless	   guided	   surgery	  
technique	   of	   “teeth	   in	   an	   hour”	   on	   6	   dental	   implants	   and	   sufficient	   bone	   height	   and	   also	   found	  
articulation	  disorders	  up	  to	  6	  months	  after	  surgery.	  	  
Our	  study	  is	  the	  first	  to	  assess	  the	  impact	  of	  an	  “all-­‐on-­‐four”	  prosthesis	  on	  speech	  characteristics	  in	  
patients	  with	  reduced	  bone	  height.	  This	  restorative	  concept	  is	  based	  on	  non-­‐axial	  implant	  positioning	  
of	   the	   posterior	   implants	   and	   two	   straight	   implants	   in	   the	   anterior	   zone	   215.	   Hence,	   angulated	  
abutments	  of	  30-­‐45	  degrees	  are	  needed	  to	  compensate	  for	  the	  disparity	  in	  parallelism	  between	  the	  
posterior	  and	  anterior	   implants.	  An	   important	  feature	  of	  the	  angulated	  abutment	   is	  the	  height	  and	  
width	  which	  may	  hamper	  an	   ideal	   tooth	  positioning.	  As	  a	   consequence	   the	   screw	  access	  holes	  are	  
not	   always	   ideally	   placed	   and	   sometimes	   the	   teeth	   are	   bulky	   and	   too	   far	   lingually	   or	   palatally	  
positioned	  due	   to	   the	   size	  of	   the	  angulated	  abutment.	  Therefore,	  phonetical	  problems	   reported	   in	  
literature	   and	   related	   to	   6	   axially	   positioned	   implants	   may	   not	   hold	   through	   for	   the	   all-­‐on-­‐four	  
concept.	   Indeed,	  also	  the	  angular	  placement	  of	  the	  two	  posterior	   implants	   in	  combination	  with	  the	  
use	  of	  angulated	  abutments	  may	  have	  an	  impact	  on	  articulation	  (	  speech	  production	  of	  consonants	  ).	  
The	   minimal	   number	   of	   implants	   may	   also	   have	   an	   impact	   on	   the	   total	   number	   of	   teeth	   in	   the	  
posterior	   zone.	   Hypothetically	   the	   high	   number	   of	   articulation	   disorders	   can	   be	   related	   to	   the	  
prosthetic	  treatment	  with	  anchorage	  on	  4	  implants.	  The	  present	  study	  has	  evaluated	  a	  combination	  
of	  maxillary	  and	  mandibulary	  fixed	  dental	  prostheses	  on	  4	   implants.	  Although	  one	  can	  suggest	  that	  
misplacement	   of	   dental	   implants	   may	   be	   more	   phonetically	   detrimental	   in	   the	   maxilla,	   also	  
malpositioning	  of	  mandibulary	  teeth	  may	  have	  an	  impact	  on	  speech.	  Indeed,	  according	  to	  the	  clinical	  
protocol,	  maximized	  occlusion	  was	  obtained	  by	  adapting	  the	  opposite	  teeth.	  Hence,	  misplacement	  in	  
the	   mandible	   also	   affected	   tooth	   position	   in	   the	   maxilla	   and	   consequently	   affected	   articulation.	  
Nevertheless,	  further	  research	  including	  a	  prospective	  cohort	  approach	  with	  more	  subjects	  involved,	  
including	  appropriate	  baseline	  measurement	  and	  taking	   into	  consideration	  a	   jaw-­‐related	  analysis	   is	  
required	  to	  further	  elucidate	  the	  suggestions	  of	  the	  present	  pilot	  study.	  Whether	  speech	  therapy	  or	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In	  conclusion,	  the	  current	  study	  revealed	  that	  overall	  patients	  satisfaction	  is	  inversely	  related	  to	  the	  
number	   of	   missing	   teeth,	   with	   the	   removable	   denture	   as	   least	   satisfactory.	   The	   high	   subjective	  
satisfaction	   of	   the	   fixed	   prosthesis	   on	   4	   implants	   is	   in	   contrast	   to	   the	   self-­‐perceived	   as	   well	   as	  
objectively	   recognized	   speech	   problems	   related	   to	   the	   treatment.	   The	   study	   also	   shows	   that	   the	  
phonetical	   aspects	   in	   most	   of	   those	   patients	   are	   less	   important	   than	   the	   comfort	   the	   patients	  
perceive	  with	  the	  fixed	  denture.	  In	  most	  of	  these	  patients	  (	  87%	  )	  one	  or	  more	  phonetic	  distortions	  
occurred	  and	  the	  articulation	  was	  characterized	  by	  the	  presence	  of	  a	  sigmatism	  in	  80%	  of	  them.	   In	  
contrast	   to	   single	   implant	   crowns,	   the	   “all-­‐on-­‐four”	   concept	   as	   well	   as	   completely	   removable	  
dentures	  seem	  more	  prone	  to	  phonetic	  disorders.	  Phonetics	  seems	  not	  to	  be	  decisive	  when	  patients	  
rate	  their	  overall	  satisfaction.	  Clinicians	  should	  nevertheless	  be	  aware	  that	  implant	  number,	  implant	  
location,	  implant	  angulation	  or	  abutment	  volume	  are	  all	  important	  factors	  in	  tooth	  positioning	  which	  
may	  by	  itself	  affect	  phonetics.	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Tooth	  loss	  is	  causing	  functional,	  aesthetical	  and	  psychological	  consequences	  to	  patients	  and	  despite	  
better	  health	  care	  still	  common	  worldwide.	  To	  date	  dental	  implant	  treatment	  is	  well	  documented	  as	  
a	  predictable	  treatment	  for	  tooth	  replacements	  provided	  that	  bone	  is	  sufficient	  in	  volume	  and	  
quality.	  On	  the	  other	  hand,	  the	  rehabilitation	  with	  dental	  implants	  may	  be	  problematic	  when	  bone	  
volume	  or	  quality	  is	  lacking	  or	  when	  anatomic	  structures	  hamper	  ideal	  implant	  placement.	  
Furthermore	  recent	  treatment	  protocols	  such	  as	  immediate	  loading	  in	  atropic,	  grafted	  or	  healed	  
bone	  as	  well	  as	  implant	  placement	  in	  non-­‐healed	  sites	  with	  or	  without	  additional	  use	  of	  biomaterials	  
still	  needs	  additional	  research	  evidence.	  	  The	  same	  holds	  true	  for	  evidence	  based	  evaluation	  of	  
adaptation	  problems	  in	  relation	  to	  implant	  replacements	  especially	  when	  speech	  and	  phonetics	  are	  
concerned.	  
Chapter	  1	  of	  this	  thesis	  	  gives	  an	  introduction	  to	  the	  clinical	  problem	  tackled	  in	  this	  thesis.	  It	  briefly	  
explores	  the	  scientific	  background	  of	  aspects	  of	  bone	  healing	  in	  extraction	  sockets	  and	  healed	  as	  well	  
as	  grafted	  bone.	  	  Implant	  treatment	  outcome	  under	  various	  conditions	  are	  summarized.	  This	  chapter	  
explains	  how	  the	  aims	  of	  the	  PhD-­‐thesis	  were	  derived.	  
Chapter	  2	  provides	  the	  aims	  of	  the	  thesis	  as	  well	  as	  the	  data	  presentation	  of	  the	  various	  research	  
papers	  linked	  with	  these	  aims.	  The	  thesis	  is	  constructed	  around	  1	  review	  and	  7	  original	  research	  
papers,	  all	  8	  presented	  in	  hard-­‐core	  dental	  journals	  within	  the	  upper	  percentile	  of	  the	  dental	  and	  
oral-­‐maxillofacial	  research	  journals.	  
Chapter	  3	  (research	  paper	  1)	  explores	  the	  healing	  of	  extract	  sockets	  with	  or	  without	  additional	  bone	  
filling	  material.	  The	  bone-­‐filler	  BoneCeramic®	  used	  in	  the	  prospective	  study	  is	  a	  composite	  of	  60%	  
hydroxyapatite	  and	  40%	  β-­‐tricalcium	  phosphate	  with	  pores	  of	  100–500	  microns.	  	  In	  total,	  24	  
trephined	  bone	  biopsies	  were	  available,	  taken	  at	  implant	  placement.	  Human	  	  histologic	  examination	  
of	  the	  newly	  formed	  bone	  was	  performed	  after	  a	  6	  to	  74	  weeks	  of	  healing	  by	  transmitted	  light	  
microscope.	  In	  more	  than	  half	  of	  the	  biopsies,	  amounts	  of	  non-­‐resorbed	  substitute	  material	  was	  
found	  and	  chronic	  inflammation	  was	  observed.	  Clinically	  the	  substituted	  bone	  was	  softer	  than	  in	  
controls	  and	  compromised	  initial	  implant	  stability	  and	  gave	  rise	  to	  some	  early	  implant	  failures.	  It	  was	  
concluded	  that	  the	  use	  of	  this	  grafting	  material	  in	  fresh	  extraction	  sockets	  appears	  to	  interfere	  with	  
normal	  healing	  processes	  of	  the	  alveolar	  bone.	  On	  the	  basis	  of	  the	  present	  preliminary	  findings,	  its	  
indication	  as	  a	  material	  for	  bone	  augmentation	  when	  implant	  placement	  is	  considered	  within	  6–38	  
weeks	  after	  extraction	  should	  be	  revised.	  
Sinus	  augmentation	  is	  a	  common	  procedure	  to	  increase	  bone	  volume	  and	  allow	  for	  proper	  implant	  
placement	  in	  the	  atrophic	  posterior	  maxilla.	  Although	  the	  patient’s	  own	  bone	  is	  considered	  the	  best	  
grafting	  material,	  various	  synthetic	  or	  bovine-­‐derived	  alternatives	  are	  used	  to	  simplify	  the	  grafting	  
procedure.	  Chapter	  4	  (scientific	  literature	  review-­‐paper	  2)	  scrutinizes	  the	  efficacy	  of	  different	  
grafting	  materials	  used	  in	  sinus	  augmentation	  procedures	  as	  demonstrated	  in	  animal	  histologic	  
studies.	  	  A	  specific	  and	  sensitive	  database	  was	  initially	  created	  via	  PUBMED,	  focusing	  on	  studies	  
published	  in	  English	  peer-­‐reviewed	  journals	  between	  1995	  and	  2004	  and	  kept	  updated	  until	  2006.	  In	  	  
total	  26	  	  articles	  were	  available	  for	  comparison	  and	  discussion;	  none	  concerned	  the	  use	  of	  alloplastic	  
materials.	  Because	  of	  a	  great	  variability	  in	  study	  designs,	  different	  implant	  types,	  great	  range	  in	  
follow-­‐up,	  and	  lack	  of	  specific	  integration	  or	  loading	  period,	  a	  comparison	  of	  the	  studies	  and	  the	  
biomaterials	  used	  was	  difficult.	  It	  was	  concluded	  that	  autogenous	  bone	  is	  the	  most	  predictable	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material	  of	  choice	  for	  augmentation	  procedures,	  despite	  a	  40%	  resorption,	  because	  it	  is	  highly	  
osteoconductive	  and	  less	  dependent	  on	  sinus	  floor	  endosteal	  bone	  migration.	  The	  addition	  of	  bovine	  
bone	  mineral	  to	  autogenous	  bone	  can	  be	  beneficial	  for	  graft	  success	  because	  it	  acts	  as	  a	  slowly	  
resorbing	  space	  maintainer.	  Porous	  hydroxyapatite	  is	  suitable	  when	  mixed	  with	  autogenous	  bone	  
because	  it	  enhances	  bone	  formation	  and	  bone-­‐to-­‐implant	  contact	  in	  augmented	  sinuses.	  Histological	  
evaluation	  showed	  that	  demineralized	  freeze-­‐dried	  bone	  is	  inferior	  to	  other	  materials.	  Within	  the	  
limitation	  of	  the	  animal	  studies	  examined	  in	  this	  review	  and	  only	  based	  on	  histological	  examination,	  
the	  initial	  osseointegration	  of	  implants	  seems	  independent	  of	  the	  biomaterial	  used	  in	  grafting	  
procedures.	  
Chapter	  5	  (research	  paper	  3)	  statistically	  explored	  the	  relative	  impact	  of	  innovative	  treatment	  
concepts	  on	  the	  failure	  of	  surface-­‐modified	  implants.	  To	  evaluate	  whether	  grafting	  procedures	  have	  
an	  effect	  on	  the	  survival/success	  rate	  of	  dental	  implants,	  a	  retrospective	  study	  was	  performed	  using	  
the	  dataset	  obtained	  in	  the	  postgraduate	  training	  center	  of	  the	  Ghent	  University	  Hospital.	  	  Patients	  
treated	  with	  implants	  for	  a	  variety	  of	  indications	  over	  a	  3-­‐year	  period	  were	  included.	  All	  implants	  had	  
been	  at	  least	  1	  year	  in	  function.	  Clinical	  records	  were	  evaluated	  for	  implant	  failure	  and	  in	  reference	  
to	  implant	  length/diameter/location,	  time	  from	  tooth	  loss	  to	  implant	  placement,	  bone	  condition	  (	  
native/grafted	  ),	  surgical	  protocol	  (	  two-­‐/one-­‐stage	  ),	  loading	  protocol	  (delayed/early/immediate	  ),	  
type	  of	  prosthesis	  (	  removable/fixed	  ),	  surgeon’s	  	  experience	  level	  (	  resident/trainee	  )	  and	  specialty	  (	  
periodontist/oral	  surgeon	  ).	  The	  results	  of	  this	  study	  show	  that	  41	  out	  of	  	  1180	  (	  3.5%	  )	  implants	  were	  
lost	  in	  34/461	  (	  7.4%)	  patients.	  Factors	  showing	  significant	  impact	  on	  failure	  on	  the	  basis	  of	  
univariate	  analyses	  were	  implant	  location,	  surgical	  protocol,	  loading	  protocol,	  surgeon’s	  experience	  
level	  and	  specialty.	  When	  controlling	  for	  other	  covariates,	  only	  the	  loading	  protocol	  had	  a	  significant	  
influence	  with	  early	  loading	  more	  prone	  to	  failure	  when	  compared	  with	  delayed	  loading.	  Immediate	  
loading	  and	  delayed	  loading	  showed	  comparable	  implant	  survival.	  It	  was	  concluded	  that	  implant	  
therapy	  may	  be	  highly	  successful	  in	  a	  training	  center	  where	  inexperienced	  clinicians	  are	  strictly	  
monitored	  and	  personally	  guided.	  Implant	  specific	  variables	  do	  not	  affect	  implant	  survival	  but	  early	  
loading	  is	  a	  risk	  indicator	  for	  implant	  failure,	  whereas	  immediate	  loading	  is	  not.	  
Chapter	  6	  (research	  paper	  4)	  assess	  the	  3	  years	  survival	  and	  crestal	  bone	  loss	  of	  implants	  
immediately	  loaded	  with	  “All-­‐on-­‐four”	  screw	  retained	  fixed	  dentures	  in	  fully	  edentulous	  mandibles	  
and	  maxillae.	  The	  “All-­‐on-­‐four”	  concept	  is	  widely	  spread	  for	  full	  arch	  rehabilitations	  on	  2	  tilted	  and	  2	  
axially	  loaded	  implants	  but	  crestal	  bone	  loss	  is	  inconsistently	  reported	  in	  literature.	  The	  study	  
followed	  	  20	  patients	  with	  atropic	  jaws	  after	  	  treatment	  	  with	  computer-­‐guided	  flapless	  surgery	  and	  	  
4	  TiUnite™	  Brånemark	  implants,	  immediately	  loaded.	  Peri-­‐apical	  radiographs	  were	  taken	  after	  
surgery,	  one	  and	  three	  years.	  	  The	  3-­‐year	  survival	  rate	  was	  100%	  and	  none	  of	  the	  temporary	  or	  
definite	  prostheses	  were	  lost	  during	  follow-­‐up.	  After	  1	  year,	  mean	  bone	  loss	  was	  1.13	  mm	  	  and	  after	  
3	  years	  1.61	  mm.	  The	  mean	  bone	  loss	  between	  the	  first	  and	  third	  year	  was	  0.48	  mm	  and	  statistically	  
significantly	  different.	  26%	  of	  the	  implants	  had	  bone	  loss	  above	  1.5	  mm	  after	  1	  year	  but	  after	  3	  years	  
already	  30%	  of	  the	  implants	  lost	  more	  than	  1.9	  mm.	  49.2%	  of	  the	  patients	  showed	  ongoing	  crestal	  
bone	  loss.	  The	  conclusion	  revealed	  that	  implant	  and	  prosthetic	  survival	  was	  100%	  and	  patients	  were	  
benefitting	  from	  the	  “all-­‐on-­‐four”	  treatment.	  Yet,	  unacceptable	  ongoing	  bone	  loss	  in	  nearly	  half	  the	  
patients	  may	  be	  a	  warning	  sign	  for	  future	  problems	  and	  needs	  clinical	  attention.	  Overloading	  or	  
implant	  related	  aspects	  need	  to	  be	  further	  investigated	  as	  explanatory	  reasons.	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Immediate	  loading	  of	  full-­‐arch	  restorations	  yields	  good	  results	  in	  selected	  cases,	  but	  long-­‐term	  
follow-­‐up	  and	  the	  outcome	  in	  compromised	  bone	  are	  scarcely	  evaluated.	  	  Chapter	  7	  (research	  paper	  
5)	  evaluated	  immediately	  loaded	  dual	  acid-­‐etched	  implants	  installed	  in	  healed	  or	  grafted	  bone,	  with	  
regard	  to	  implant	  survival	  and	  peri-­‐implant	  bone	  loss	  up	  to	  7	  years	  in	  function.	  	  Information	  was	  
retrospectively	  retrieved	  from	  83	  patients’	  records	  with	  749	  Osseotite	  implants	  (Biomet3i,	  USA)	  
supporting	  immediately	  loaded	  semi-­‐permanent	  full-­‐arch	  acrylic	  restorations.	  Five	  hundred	  sixty-­‐
eight	  (	  75.8%	  )	  implants	  were	  placed	  in	  healed	  bone	  and	  181	  (	  24.2%	  )	  in	  augmented	  bone,	  
regenerated	  with	  sinus	  lifting	  and/or	  onlay/inlay	  grafts	  with/without	  biomaterials	  and	  membranes.	  
Implant	  survival	  and	  success	  based	  on	  radiological	  peri-­‐implant	  bone	  loss	  were	  registered.	  Sixteen	  of	  
749	  implants	  failed	  (	  2.1%	  ),	  11/343	  in	  maxilla	  (	  3.2%	  )	  and	  5/406	  (	  1.2%	  )	  in	  mandible.	  After	  7	  years,	  
the	  cumulative	  failure	  rate	  was	  9%.	  Mean	  peri-­‐implant	  bone	  loss	  increased	  to	  1.2	  mm	  during	  the	  first	  
2	  years	  but	  remained	  unchanged	  thereafter.	  Around	  implants	  in	  grafted	  bone,	  on	  average,	  0.3	  mm	  
more	  bone	  loss	  was	  found.	  It	  was	  concluded	  that	  the	  dual	  acid	  etched	  	  implants	  offer	  a	  predictable	  
long-­‐term	  outcome	  in	  terms	  of	  implant	  survival	  and	  stable	  periimplant	  bone	  under	  immediate	  
loading	  even	  in	  grafted	  bone.	  However,	  the	  high	  incidence	  of	  technical	  repair	  because	  of	  fractures	  of	  
the	  semipermanent	  provisionals	  requires	  attention	  because	  it	  may	  be	  negative	  from	  a	  cost-­‐benefit	  
perspective.	  Implants	  in	  grafted	  bone	  show	  a	  tendency	  to	  a	  more	  pronounced	  initial	  bone	  
remodeling	  without	  clinical	  consequence	  in	  the	  long	  term.	  
Chapter	  8	  (research	  study	  6)	  decribes	  histomorphometrically	  whether	  or	  not	  implant	  surface	  
nanotopography	  improves	  the	  bone	  response	  under	  immediate	  loading	  simultaneous	  to	  sinus	  
grafting.	  Dual	  acid-­‐etched	  titanium	  microimplants	  with/without	  crystalline	  surface	  deposition	  of	  
calcium	  phosphate	  particles	  were	  placed	  in	  bilateral	  sinuslift	  areas	  grafted	  with	  a	  mixture	  of	  iliac	  
crest	  bone	  and	  BioOss.	  Surface	  topography	  of	  microimplants	  was	  characterized	  using	  interferometry.	  
Loaded	  microimplants	  (	  MsL	  )	  were	  immobilized	  in	  a	  provisional	  bridge	  supported	  by	  four	  normal	  size	  
implants.	  Some	  patients	  had	  unloaded	  microimplants	  as	  controls	  (	  MsU	  ).	  Biopsies	  were	  trephined	  
after	  2	  or	  4	  months	  and	  histomorphometric	  analysis	  of	  bone	  area	  (	  BA	  )	  and	  bone-­‐to-­‐implant	  contact	  
(	  BC	  )	  was	  performed.	  Nonparametric	  methods	  for	  dependent	  data	  were	  used	  to	  compare	  effect	  of	  
surface	  modification,	  and	  healing	  time	  (	  2	  vs.	  4	  months	  ).	  Results	  were	  based	  on	  a	  total	  of	  53	  biopsies	  	  
from	  13	  patients.	  A	  total	  of	  4/28	  and	  1/11	  MsL	  failed	  after	  resp.	  2	  and	  4	  months	  vs.	  0/6	  and	  1/5	  MsU.	  
Many	  loaded	  biopsies	  were	  damaged	  at	  the	  apical	  portion	  and	  showed	  no	  bone	  adhesion.	  MsL	  
decreased	  in	  BA	  from	  coronal	  to	  apical	  from	  2	  to	  4	  months;	  Coronal	  >	  Middle,	  Coronal	  >	  Apical	  and	  
Middle	  >	  Apical.	  This	  gradual	  decrease	  was	  not	  observed	  for	  BC;	  Coronal	  <	  Middle	  and	  Middle	  >	  
Apical.	  Only	  the	  middle	  part	  showed	  significant	  bone	  contact	  after	  2	  months.	  For	  MsL	  there	  was	  no	  
statistically	  significant	  difference	  between	  surface	  or	  time	  indicating	  that	  improvement	  of	  
osseointegration	  over	  time	  due	  to	  maturation	  of	  the	  graft	  was	  poor.	  The	  MsU	  did	  not	  show	  any	  
difference	  between	  Osseotite	  and	  Nanotite	  for	  BIC	  and	  BA	  but	  doubled	  both	  their	  BA	  and	  BIC	  
between	  2	  and	  4	  months.	  It	  was	  concluded	  that	  	  osseointegration	  in	  sinus-­‐grafted	  bone	  mixed	  with	  
BioOss	  was	  poor	  irrespective	  of	  healing	  time	  or	  nanotopographical	  surface	  modification.	  The	  apex	  of	  
MsL	  showed	  minimal	  bone	  contact	  suggesting	  that	  the	  graft	  does	  not	  add	  to	  the	  loading	  capacity.	  
Surface	  enhancement	  was	  not	  beneficial	  despite	  the	  enlarged	  surface	  area.	  Overloading,	  most	  critical	  
coronally	  of	  an	  implant,	  increases	  risks	  for	  implant	  failure	  and	  jeopardizes	  bone	  healing	  especially	  
under	  immediate	  loading	  conditions	  with	  high	  load.	  
Chapter	  9	  (research	  study	  7)	  summarizes	  a	  	  case	  control	  study	  that	  determined	  the	  impact	  of	  screw-­‐
retained	  fixed	  cross-­‐arch	  prostheses,	  supported	  by	  four	  osseointegrated	  implants,	  on	  articulation	  and	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oromyofunctional	  behaviour.	  Objective	  (	  acoustic	  analysis	  )	  and	  subjective	  assessment	  techniques	  
were	  used	  to	  determine	  the	  overall	  intelligibility,	  phonetic	  characteristics	  and	  oromyofunctional	  
behaviour	  at	  an	  average	  period	  of	  7.3	  months	  after	  placement	  of	  the	  fixed	  implant	  prosthesis	  in	  15	  
patients	  and	  9	  age-­‐matched	  controls	  with	  intact	  dentition	  and	  without	  prosthetic	  appliances.	  Overall	  
satisfaction	  with	  the	  prosthesis	  was	  87%,	  but	  53%	  of	  the	  subjects	  mentioned	  an	  impact	  on	  speech.	  
87%	  of	  the	  subjects	  presented	  with	  one	  or	  more	  distortions	  of	  the	  consonants.	  In	  the	  control	  group,	  
no	  articulation	  disorders	  were	  noted.	  Oromyofunctional	  behaviour	  in	  both	  groups	  was	  normal.	  To	  
what	  extent	  motor-­‐oriented	  speech	  therapy	  (	  with	  focus	  on	  tongue	  function	  )	  immediately	  after	  
periodontal	  treatment	  would	  decrease	  the	  persistent	  phonetic	  distortions	  is	  a	  subject	  for	  further	  
research.	  
Using	  the	  same	  methodology,	  	  chapter	  10	  (research	  study	  8)	  compared	  the	  impact	  of	  a	  single-­‐tooth	  
implant,	  fixed	  implant	  prosthesis	  and	  completely	  removable	  dental	  prosthesis	  on	  intelligibility,	  
articulation	  and	  oromyofunctional	  behaviour.	  	  Additionally,	  the	  self-­‐perceived	  overall	  satisfaction	  of	  
the	  dental	  replacements	  and	  the	  effect	  on	  speech	  was	  questioned.	  Objective	  (	  acoustic	  analysis	  )	  as	  
well	  as	  subjective	  assessment	  techniques	  (	  perceptual	  evaluation	  )	  were	  used.	  The	  satisfaction	  of	  
single-­‐tooth	  implant	  group	  was	  very	  high	  (	  100%	  )	  followed	  by	  a	  satisfaction	  of	  87%	  for	  the	  fixed	  
implant	  prosthesis	  group	  and	  68%	  for	  the	  removable	  prosthesis	  group.	  The	  results	  of	  the	  phonetic	  
analyses	  revealed	  a	  normal	  intelligibility	  and	  oromyofunctional	  behaviour	  in	  the	  three	  groups	  of	  
dental	  replacements.	  Only	  one	  type	  of	  articulation	  disorders	  was	  observed	  in	  the	  singletooth	  implant	  
group,	  followed	  by	  three	  types	  of	  disorders	  in	  the	  removable	  prosthesis	  group	  and	  six	  types	  of	  
disorders	  in	  the	  fixed	  implant	  prosthesis	  group.	  In	  this	  last	  group,	  not	  only	  87%	  of	  the	  subjects	  
showed	  distortions	  of	  one	  or	  more	  consonants.	  Special	  attention	  must	  be	  paid	  to	  the	  fricative	  ⁄	  s	  ⁄	  
because	  in	  more	  than	  50%	  of	  all	  groups,	  this	  sound	  is	  disturbed.	  	  
The	  generally	  discussion	  of	  the	  thesis	  is	  captured	  in	  chapter	  11.	  It	  provides	  an	  overview	  of	  the	  
various	  clinical	  studies	  in	  relation	  to	  the	  proposed	  aims	  and	  puts	  the	  outcome	  in	  perspective	  to	  the	  	  
evidence	  available	  in	  the	  scientific	  literature	  as	  well	  as	  recommendations	  for	  future	  research.	  
	  
	  
In	  brief	  the	  conclusions	  of	  the	  PhD	  project	  are:	  
1/	  BoneCeramicTM	  	  has	  a	  poor	  resorption/substitution	  when	  used	  in	  augmentation	  procedures	  after	  
tooth	  extraction	  and	  its	  indication	  has	  to	  be	  revised,	  especially	  when	  later	  implant	  placement	  is	  
advocated.	  Further	  research	  may	  be	  needed	  to	  analyse	  both	  the	  biological	  mechanisms	  and	  the	  long-­‐
term	  clinical	  benefits	  of	  this	  procedure.	  
2/	  The	  overall	  quality	  of	  animal	  studies	  related	  to	  sinus	  augmentation	  procedures	  are	  deemed	  poor	  
and	  controlled	  prospective	  human	  studies	  are	  scarce.	  Mostly	  the	  animal	  studies	  are	  not	  followed	  by	  
human	  clinical	  investigations	  and	  terminology	  was	  not	  always	  very	  clear	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3/	  The	  new	  generation	  of	  dental	  implants	  has	  surface	  enhanced	  properties.	  Their	  survival	  rate	  is	  not	  
longer	  affected	  by	  implant	  length	  or	  diameter,	  time	  of	  placement	  after	  extraction	  (	  immediate,	  early	  
or	  delayed	  ),	  placement	  in	  healed	  or	  grafted	  bone.	  The	  only	  decisive	  factor	  in	  clinical	  survival	  is	  the	  
loading	  protocol.	  The	  paradigms	  described	  in	  the	  early	  days	  of	  implant	  dentistry	  should	  therefore	  be	  
revised.	  
4/	  Clinicians	  should	  be	  aware	  that	  a	  safety	  volume	  of	  bone	  is	  required	  when	  applying	  flapless	  guided	  
surgery	  techniques.	  Future	  research	  should	  try	  to	  further	  examine	  the	  aspect	  of	  bone	  loss	  in	  relation	  
to	  the	  all-­‐on-­‐4	  concept,	  especially	  in	  the	  long	  term.	  Since	  ongoing	  bone	  loss	  may	  be	  a	  sign	  for	  future	  
problems,	  overloading	  or	  implant	  related	  aspects	  need	  to	  be	  further	  investigated.	  
5/	  Based	  on	  the	  retrospective	  study,	  immediate	  loading	  in	  fully	  edentulous	  jaws	  is	  successful	  
provided	  high	  implant	  stability,	  rigid	  splinting,	  a	  balanced	  occlusion	  and	  proper	  case	  selection.	  In	  
healed	  bone	  implant	  survival	  is	  high	  and	  the	  impact	  on	  crestal	  bone	  remodeling	  is	  minimal.	  In	  grafted	  
bone	  clinicians	  should	  be	  aware	  that	  more	  bone	  remodeling	  occurs.	  	  
6/	  Based	  on	  the	  prospective	  5-­‐years	  study,	  implant	  survival	  of	  immediately	  loaded	  implants	  is	  97%	  
and	  less	  than	  3%	  of	  the	  implants	  diagnosed	  with	  peri-­‐implantitis.	  The	  beneficial	  effect	  of	  nanocoated	  
implant	  surfaces	  is	  not	  sustained	  with	  the	  clinical	  outcome	  neither	  from	  bone	  level	  nor	  from	  peri-­‐
implant	  health	  perspective.	  On	  the	  other	  hand,	  there	  is	  no	  sign	  that	  nanotechnology	  would	  hamper	  
soft	  tissue	  health.	  
7/	   Human	   histology	   shows	   that	   osseointegration	   of	   implants	   placed	   in	   sinus	   lifted	   bone	   is	   poor	  
regardless	   of	   the	   implant	   surface	   used.	   One	   should	   question	  whether	   the	   extensive	   usage	   of	   this	  
procedure	  should	  not	  be	  revised.	  When	  it	  comes	  to	  immediate	  loading	  in	  critical	  bone,	  overloading	  
must	  be	  considered	  as	  a	  detrimental	  risk	  factor	  for	  failure	  or	  poor	  bone-­‐to-­‐implant	  contact.	  Research	  
should	   aim	   to	   provide	   more	   clinical	   evidence	   regarding	   the	   best	   options	   for	   grafting	   in	   critical	  
procedures	  with	  or	  without	  implant	  placement,	  especially	  with	  immediate	  loading.	  
8/	  Based	  on	  questionnaires,	  patients	  indicate	  that	  satisfaction	  is	  inversely	  related	  to	  the	  number	  of	  
missing	  teeth,	  with	  the	  removable	  denture	  as	  least	  satisfactory.	  Patients	  are	  highly	  satisfied	  with	  
their	  fixed	  prosthesis	  on	  4	  implants	  despite	  their	  self-­‐perceived	  as	  well	  as	  objectively	  recognized	  
speech	  problems.	  In	  contrast	  to	  single	  implant	  crowns,	  the	  “all-­‐on-­‐four”	  concept	  as	  well	  as	  
completely	  removable	  dentures	  seem	  more	  prone	  to	  phonetic	  disorders.	  Clinicians	  should	  
nevertheless	  be	  aware	  that	  implant	  number,	  implant	  location,	  implant	  angulation	  or	  abutment	  






Ondanks	   de	   betere	   gezondheidszorg	   veroorzaakt	   tandverlies	   nog	   steeds	   wereldwijd	   functionele,	  
esthetische	  en	  psychologische	  problemen	  bij	  patiënten.	  Vandaag	  bieden	   	   implantaatbehandelingen	  
betrouwbare	   en	   voorspelbare	   oplossingen	   voor	   de	   rehabilitatie	   van	   het	   gebit.	   Het	   plaatsen	   van	  
implantaten	  kan	  problematisch	  worden	  wanneer	  het	  botvolume	  of	  de	  botkwaliteit	  niet	  voldoen	  is	  of	  
ideale	   positionering	   verhinderd	   wordt	   door	   aanwezigheid	   van	   vitale	   anatomische	   structuren.	  
Bijkomend	  onderzoek	  op	  het	  vlak	  van	  directe	  belasting	  van	   implantaten	   in	  atrofisch	  of	  opgebouwd	  
kaak	   al	   dan	   niet	   met	   gebruik	   van	   biomaterialen	   is	   nodig.	   Dezelfde	   uitdaging	   stelt	   zich	   voor	   de	  
evaluatie	  van	  de	  spraak	  en	  de	  fonetiek	  na	  plaatsing	  van	  implantaten.	  
	  
Hoofdstuk	  1	  is	  een	  introductie	  tot	  het	  klinische	  probleem	  die	  in	  dit	  proefschrift	  aangekaart	  worden.	  
Daarbij	   wordt	   de	   wetenschappelijke	   achtergrond	   van	   de	   botgenezing	   na	   tandextractie	   als	   van	  
opgebouwd	   bot	   kort	   belicht.	   De	   behandeluitkomst	   van	   implantaten	   in	   verschillende	   klinische	  
situaties	  wordt	   samengevat.	  Dit	  hoofdstuk	  verklaart	  hoe	  de	  doelstellingen	  voor	  dit	  proefschrift	   tot	  
stand	  kwamen.	  
	  
Hoofdstuk	   2	   geeft	   de	   doeleinden	   van	   dit	   proefschrift	   weer,	   telkens	   met	   de	   referentie	   naar	   de	  
overeenkomstige	  artikels.	  Het	  proefschrift	  is	  opgebouwd	  rond	  1	  review	  artikel	  en	  7	  klinische	  artikels.	  
Alle	  8	  artikels	  werden	  gepubliceerd	  of	  aanvaard	  in	  peer-­‐reviewed	  tandheelkundige	  en	  maxillo-­‐faciale	  
tijdschriften.	  
	  
Hoofstuk	  3	   (	   artikel	   1	   )	  evalueert	  de	  wondheling	  van	  extractieholtes	  al	  dan	  niet	  opgevuld	  met	  een	  
botsubstituut.	  Het	  gebruikte	  materiaal	  in	  deze	  prospectieve	  studie	  is	  BoneCeramic®.	  Het	  betreft	  een	  
samengesteld	  product	  bestaande	  uit	  60%	  hydroxyapatiet	  en	  40%	  β-­‐tri-­‐calcium-­‐phosphate	  met	  poriën	  
van	   100-­‐500	   micron.	   24	   botbiopten,	   afkomstig	   van	   toekomstige	   implantatieplaatsen	   werden	  
onderzocht.	   10	   botbiopten	   getrepaneerd	   uit	  met	   biomateriaal	   gevulde	   alveoles	   en	   14	   biopten	   uit	  
natuurlijk	   geheeld	   alveolair	   bot	   werden	   histologisch	   geanalyseerd.	   Het	   nieuw	   gevormde	   bot	  werd	  
histologisch	  onderzocht	  na	  6	   tot	  74	  weken	  door	  middel	  van	   lichtmicroscopisch	  onderzoek.	   In	  meer	  
dan	   de	   helft	   van	   de	   botbiopten	   vond	  men	   botsubstituut	   dat	   niet	   geresorbeerd	   bleek	   en	   zag	  men	  
chronische	  ontsteking.	   	  Klinisch	  presenteerde	  het	  botsubstituut	   	  zich	  met	  een	  zachtere	  consistentie	  
vergeleken	  met	  de	  controles	  met	  als	  gevolg	  dat	  de	  initiële	  implantaatstabiliteit	  in	  het	  gedrang	  kwam	  
en	  aanleiding	  gaf	   tot	  vroegtijdige	   implantaat	   faling.	  Het	  artikel	   concludeert	  dat	  het	  gebruik	  van	  dit	  
botsubstituut	   interfereert	   met	   de	   normale	   botheling	   in	   verse	   extractiewonden.	   Daarom	   wordt	  
geadviseerd	   de	   toepassing	   als	   botvervangend	   materiaal	   in	   combinatie	   met	   het	   plaatsen	   van	  
implantaten	  binnen	  de	  6	  tot	  38	  weken	  na	  extractie,	  te	  herzien.	  
	  
Hoofdstuk	   4	   (	   artikel	   2	   )	   bekijkt	   het	   gebruik	   en	   de	   resultaten	   van	   verscheidene	   botvervangende	  
materialen	  bij	  sinusaugmentatie	  zoals	  getest	  in	  dierenstudies.	  Sinusaugmentatie	  is	  een	  procedure	  om	  
extra	   botvolume	   te	   creëren,	   wat	   de	   mogelijkheid	   biedt	   om	   in	   de	   posterieur	   atrofische	   maxilla	  
implantaten	   te	   plaatsen.	   Talrijke	   synthetische	   of	   dierlijke	   alternatieven	   worden	   gebruikt	   voor	  
botopbouw,	   ondanks	   dat	   het	   eigen	   bot	   van	   de	   patiënt	   nog	   steeds	   als	   gouden	   standaard	   wordt	  
beschouwd.	   Via	   PUBMED	   werd	   een	   database	   aangelegd	   van	   engelstalige	   artikels	   vanaf	   1995	   tot	  
2006.	   26	   artikels	   werden	   gebruikt	   voor	   het	   onderzoek.	   Geen	   enkel	   artikel	   betrof	   het	   gebruik	   van	  
alloplastisch	   materiaal.	   Vergelijking	   van	   de	   verschillende	   botsubstituten	   bleek	   moeilijk	   gezien	   de	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grote	   verschillen	   in	   studie	   ontwerp,	   implantaat	   type,	   follow-­‐up	   periode	   en	   het	   gebrek	   aan	  
specificaties	  omtrent	  het	  moment	  van	  belasting.	  Autoloog	  bot	  geniet	  nog	  steeds	  de	  voorkeur	  voor	  
gebruik	   bij	   sinus	   augmentatie	   procedures	   omwille	   van	   de	   hoge	   osteoconductiviteit	   ondanks	   een	  
resorptie	  van	  40%.	  Het	  toevoegen	  van	  “bovine	  bone	  mineral”	  aan	  eigen	  bot	  	  zorgt	  voor	  een	  tragere	  
resorptie	  en	  functioneert	  als	  een	  soort	  ruimtehouder.	  Poreus	  hydroxyapatiet	  gemengd	  met	  eigen	  bot	  
zou	   de	   botvorming	   en	   het	   bot	   -­‐implantaat	   contact	   (	   BIC	   )	   verbeteren.	   Gedemineraliseerd	  
gevriesdroogd	   bot	   bleek	   na	   histologische	   evaluatie	   inferieur	   aan	   elk	   ander	   materiaal.	   	   De	   initiële	  
osseointegratie	   van	   het	   implantaat	   blijkt	   desalniettemin,	   binnen	   de	   beperkingen	   van	   de	  
dierenexperimentele	   studies	   en	   gebaseerd	   op	   histologisch	   onderzoek,	   niet	   afhankelijk	   van	   het	  
gebruikte	  biomateriaal.	  
	  
Hoofdstuk	   5	   (	   artikel	   3	   )	   onderzocht	   de	   impact	   van	   nieuwe	   behandelconcepten	   op	   het	   falen	   van	  
oppervlakte	   gemodificeerde	   implantaten.	   Een	   retrospectieve	   studie,	   gebruik	   makend	   van	   het	  
patiëntenbestand	   van	   UZGent,	   werd	   opgezet	   om	   de	   invloed	   van	   botopbouw	   procedures	   op	   het	  
success/survival	  van	  implantaten	  te	  bepalen.	  Enkel	  implantaten	  die	  minstens	  1	  jaar	  in	  functie	  waren	  
werden	   geïncludeerd.	   	   De	   klinische	   data	   van	   implantaat	   faling	   gerelateerd	   aan	   lengte,	   diameter,	  
locatie	   van	   het	   implantaat,	   periode	   van	   extractie	   tot	   implantaat	   plaatsing,	   botconditie	  
(natuurlijk/opgebouwd),	   chirurgisch	   protocol	   (twee-­‐/één-­‐fase),	   belastingsprotocol	   (immediaat,	  
vroegtijdig	   of	   uitgesteld),	   type	   van	   prothese	   (uitneembaar	   of	   vast),	   competentieniveau	  
(staflid/assistent	   in	   opleiding)	   en	   het	   specialisme	   (parodontoloog/maxillofaciaal	   chirurg)	   werden	  
geëvalueerd.	  41	  implantaten	  van	  1180	  implantaten	  (	  3,5%	  )	  gingen	  verloren	  geplaatst	  in	  34	  van	  461	  
patiënten	   (	   7,4%	   ).	   Implantaat	   locatie,	   chirurgisch	   protocol,	   belastingsprotocol,	   chirurgische	  
competentie	  en	  het	  specialisme	  bleken	  een	  significante	  impact	  te	  hebben	  op	  de	  implantaatfaling.	  Na	  
controle	   voor	   covariabelen	   bleek	   enkel	   nog	   het	   belastingsprotocol	   significante	   invloed	   te	   hebben,	  
met	   een	   duidelijk	   hoger	   faalpercentage	   voor	   vroegtijdige	   belasting	   vergeleken	   met	   uitgestelde	  
belasting.	   	  Voor	  onmiddellijke	  en	  uitgestelde	  belasting	  bleek	  de	   implantaatoverleving	  vergelijkbaar.	  
Implantaat	   behandelingen	   kunnen	   dus	   zeer	   succesvol	   zijn,	   ook	   in	   opleidingscentra,	   wanneer	   de	  
assistenten	   nauwgezet	   bijgestaan	   worden	   en	   persoonlijk	   begeleid	   worden	   door	   ervaren	   clinici.	  
Implantaat	   specifieke	   variabelen	   blijken	   de	   implantaatoverleving	   niet	   te	   beïnvloeden	   met	  
uitzondering	  van	  vroegtijdige	  belasting,	  welke	  toch	  een	  risico	  indicator	  blijkt	  te	  zijn.	  
	  
Hoofdstuk	  6	  (	  artikel	  4	  )	  betreft	  de	  resultaten	  van	  de	  3	  jaar	  overleving	  en	  botverlies	  van	  onmiddellijk	  
belaste	  implantaten	  geplaatst	  volgens	  het	  “all-­‐on-­‐4”	  principe,	  voorzien	  van	  een	  verschroefde	  brug,	  in	  
volledige	  edentate	  maxillae	  en	  mandibulae	  .	  Het	  “all-­‐on-­‐4”principe	  waarbij	  een	  volledige	  vaste	  brug	  
op	  2	  geïnclineerde	  en	  2	  axiale	   implantaten	  wordt	  verschroefd,	   is	  een	  aanvaarde	  oplossing	  voor	  de	  
rehabilitatie	  van	  volledige	  edentate	  kaken.	  Doch	  het	  botverlies	  wordt	   in	  de	   literatuur	  niet	   frequent	  
gerapporteerd.	   20	   patiënten	   met	   atrofische	   kaken	   werden	   behandeld	   door	   middel	   van	   een	  
“flapless”,	   computer-­‐guided	  chirurgie	  waarbij	  4	  TiUniteTM	  Brånemark	   implantaten	  werden	  geplaatst	  
en	  onmiddellijk	  belast.	  Radiologische	  follow-­‐up	  gebeurde	  na	  1	  jaar	  en	  3	  jaar.	  De	  implantaatoverleving	  
na	   3	   jaar	   was	   100%	   en	   zonder	   prothetische	   complicaties.	   1	   jaar	   na	   implantaatplaatsing	   was	   het	  
gemiddelde	  botverlies	  1,13	  mm	  en	  na	  3	  jaar	  1,61	  mm.	  Het	  gemiddelde	  botverlies	  tussen	  het	  eerste	  
en	   het	   derde	   jaar	   was	   0,48	   mm	   en	   statistisch	   significant	   verschillend.	   26%	   van	   de	   implantaten	  
vertoonde	   een	   botverlies	   hoger	   dan	   1,5	   mm	   na	   het	   eerste	   jaar.	   Na	   3	   jaar	   verloren	   30%	   van	   de	  
implantaten	   reeds	   meer	   dan	   1,9	   mm	   bot.	   49,2%	   van	   de	   patiënten	   presenteerden	   een	   continu	  
botverlies.	  Voor	  patiënten	   is	  het	   “all-­‐on-­‐4”	   concept	  een	  elegante	  oplossing	  met	  een	   implantaat	  en	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prothetische	  survival	  van	  100%.	  Desalniettemin	  verdient	  het	  continue	  botverlies	  in	  bijna	  de	  helft	  van	  
de	   patiënten	   de	   nodige	   klinische	   aandacht	   omwille	   van	   mogelijks	   toekomstige	   complicaties.	  
Overbelasting	  en	  implantaatgerelateerde	  factoren	  kunnen	  een	  verklaring	  bieden.	  
	  
In	   duidelijk	   geselecteerde	   gevallen	   biedt	   onmiddellijke	   belasting	   van	   implantaten	   met	   volledige	  
brugconstructies	   goede	   resultaten,	  maar	   in	   gecompromitteerd	  bot	   zijn	  de	   lange	   termijn	   resultaten	  
gering	   beschreven.	   Hoofdstuk	   7	   (	   artikel	   5	   )	   evalueert	   de	   overleving	   en	   het	   botverlies	   van	  
onmiddellijk	   belaste	   “dual	   acid-­‐etched”	   implantaten	   in	   genezen	  of	   opgebouwd	  bot	   na	   een	   termijn	  
van	  7	   jaar	   in	   functie.	   	   83	  patiënten	  met	  749	  Osseotite	   implantaten	   (	  Biomet3i,	  USA	   ),	   onmiddellijk	  
belast	  met	  volledige	  bruggen,	  werden	  retrospectief	  geanalyseerd.	  568	  (	  75,8%	  )	  implantaten	  werden	  
geplaatst	   in	   geheeld	   bot	   en	   181	   (	   24,2%	   )	   implantaten	  werden	   geplaatst	   in	   opgebouwd	  bot	   (sinus	  
augmenatie,	  onlay	  greffe,	  inlay	  greffe,	  al	  dan	  niet	  met	  botsubstituten	  en	  membranen).	  De	  implantaat	  
overleving	  en	  succes	  werden	  geregistreerd	  door	  meting	  van	  het	  botverlies.	  16/749	  faalden	  (	  2,1%	  ),	  
11/343	   in	   de	  maxilla	   (	   3,2%	   )	   en	   5/406	   (	   1,2%	   )	   in	   de	  mandibula.	   Na	   7	   jaar	   was	   het	   cumulatieve	  
falingspercentage	   9%.	   Het	   gemiddelde	   peri-­‐implantaat	   botverlies	   bedroeg	   1,2	   mm	   gedurende	   de	  
eerste	   2	   jaren	   maar	   stabiliseerde	   nadien.	   Rondom	   de	   implantaten	   in	   opgebouwd	   bot	   werd	  
gemiddeld	   0,3mm	   meer	   botverlies	   gezien.	   “dual	   acid-­‐etched”	   implantaten	   geven	   een	   goed	  
voorspelbaar	   resultaat	   op	   lange	   termijn	   in	   termen	   van	   implantaatoverleving	   en	   botniveau,	   zelfs	   in	  
botgreffes.	  Maar	  het	  grote	  aantal	  technische	  reparaties	  te	  wijten	  aan	  breuk	  van	  de	  semi-­‐permanente	  
vaste	  prothetische	  voorziening	  verdient	  de	  nodige	  aandacht.	  Ook	  uit	  oogpunt	  van	  de	  kosten-­‐	  baten	  is	  
dit	  een	  ongunstig	  gegeven.	  In	  opgebouwd	  bot	  vertonen	  implantaten	  de	  neiging	  tot	  een	  initieel	  meer	  
uitgesproken	   botremodelage	   zonder	   klinisch	   gevolg	   op	   lange	   termijn	   voor	   wat	   betreft	  
implantaatoverleving.	  
	  
Hoofdstuk	   8	   (	   artikel	   6	   )	  beschrijft	  de	  histologische	  uitkomst	  van	  onmiddellijk	  belaste	   implantaten	  
met	   nanotopografisch	   oppervlak.	   “dual	   acid-­‐etched”	   titanium	   micro-­‐implantaten	   met/zonder	  
calcium	   fosfaat	  partikels	  werden	   in	  bilaterale	   sinusaugmentaties	   (	   combinatie	   van	  autoloog	  bot	  en	  
BioOss	   )	  geplaatst.	  De	  belaste	  micoimplantaten	  werden	  geïmmobiliseerd	  met	  een	  voorlopige	  vaste	  
brug	   en	   4	   front	   implantaten	   met	   normale	   afmetingen.	   Niet	   belaste	   microimplantaten	   werden	  
geplaatst	  als	  controles.	  Na	  2	  en	  4	  maanden	  werden	  biopten	  genomen	  en	  gebeurde	  de	  histologische	  
analyse	  van	  het	  omgevende	  botvolume	  (	  BA=	  bone	  area	  )	  en	  bot-­‐implantaat	  contact	  (	  BIC=	  bone-­‐to-­‐
implant	   contact).	   Een	   totaal	   van	   53	   biopten	   afkomstig	   van	   13	   patiënten	   werd	   onderzocht.	   	   4/28	  
minischroeven	  en	  1/11	  belaste	  minischroeven	  faalden	  na	  2	  respectievelijk	  4	  maanden	  versus	  0/6	  en	  
1/5	   controles.	   Veel	   biopten	   werden	   beschadigd	   in	   het	   apicale	   derde	   met	   afwezigheid	   van	  
botaanhechting.	  Bij	  de	  belaste	  minischroeven	  zag	  men	  een	  daling	  van	  BA	  van	  coronaal	  naar	  apicaal.	  
Deze	   geleidelijke	   afname	  werd	   niet	   gezien	   voor	   “Bone	   Contact”	   (	   BC	   ).	   Na	   2	  maanden	   vond	  men	  
enkel	   in	   het	  middenste	   deel	   een	   significant	   botcontact.	   Er	  werd	   geen	   significant	   verschil	   gemeten	  
voor	  de	  belaste	  minischroeven	   voor	  wat	  betreft	   oppervlakte	  of	   tijdsinterval	   duidend	  dat	   er	  weinig	  
toename	   in	   de	   osseointegratie	   plaatsvond	   als	   gevolg	   van	   greffematuratie.	   Voor	   de	   controle	  
minischroeven	   was	   geen	   verschil	   tussen	   Osseotite	   en	   Nanotite	   wat	   betreft	   de	   BIC	   en	   BA.	   Beiden	  
verdubbelden	  de	  BA	  en	  BIC	  tussen	  2	  en	  4	  maanden.	  Osseointegratie	  in	  sinusgreffes	  met	  autoloog	  bot	  
vermengd	  met	  BioOss	  bleek	  gering,	  onafhankelijk	   van	  het	   tijdsinterval	  of	  het	   implantaatoppervlak.	  
Ter	   hoogte	   van	   de	   top	   van	   de	   belaste	   minischroeven	   werd	   een	   minimaal	   botcontact	   gezien,	  
suggererend	  dat	  de	  greffe	  weinig	  bijdraagt	  tot	  het	  draagvermogen	  van	  het	  implantaat.	  Ook	  het	  nano-­‐




gedeelte	   van	   het	   implantaat,	   riskeert	   een	   hogere	   faling	   en	   compromitteert	   de	   botheling	   ,	   vooral	  
onder	  onmiddellijke	  belasting.	  	  
	  
Hoofdstuk	   9	   (	   artikel	   7	   )	   omvat	   een	   case	   controle	   studie	   die	   de	   impact	   van	   een	   volledige	  
verschroefde	   brug	   gedragen	   door	   4	   implantaten	   onderzoekt	   op	   articulatie	   en	   oromyofuntioneel	  
gedrag.	  Objectief	  (akoestische	  analyse)	  en	  subjectieve	  onderzoeksmethoden	  werden	  gebruikt	  om	  de	  
algemene	   verstaanbaarheid,	   de	   fonetische	   karakteristieken	   en	   het	   oromyofunctionele	   gedrag	   te	  
bepalen	   gedurende	   een	   gemiddelde	   periode	   van	   7,3	   maanden	   na	   plaatsing	   van	   de	   vaste	  
implantaatgedragen	  prothese.	  15	  patiënten	  en	  9	  leeftijd	  gerelateerde	  controle	  patiënten	  met	  intacte	  
dentitie	   en	   zonder	   prothese	   werden	   in	   de	   studie	   betrokken.	   De	   algemene	   tevredenheid	   met	   de	  
prothese	  was	  87%,	  maar	  53%	  van	  de	  patiënten	  rapporteerden	  een	  invloed	  op	  de	  spraak.	  87%	  van	  de	  
patiënten	  vertoonde	  1	  of	  meerdere	  problemen	  met	  de	  medeklinkers.	   In	  de	  controle	  groep	  werden	  
geen	  abnormaliteiten	  gerapporteerd.	  Het	  oromyofunctioneel	  gedrag	  in	  beide	  groepen	  was	  normaal.	  
In	  welke	  mate	  motorisch-­‐georiënteerde	   spraaktherapie	   (met	   focus	  op	  de	   tongfunctie)	  onmiddellijk	  
na	   behandeling	   de	   persisterende	   fonetische	   stoornissen	   zou	   verminderen	   is	   voer	   voor	   verder	  
onderzoek.	  
	  
Hoofdstuk	   10	   (	   artikel	   8	   )	   op	   basis	   van	   dezelfde	   methodiek	   werd	   de	   invloed	   van	   een	   singulier	  
implantaatkroon,	  een	  vaste	  implantaatgedragen	  brug	  en	  een	  volledige	  uitneembare	  prothese	  op	  de	  
verstaanbaarheid,	   articulatie	   en	   oromyofunctioneel	   gedrag,	   getest.	   Daarnaast	   werd	   ook	   de	  
tevredenheid	  met	  betrekking	  tot	  de	  prothetische	  rehabilitatie	  en	  het	  effect	  op	  de	  spraak	  bevraagd.	  
Objectieve	  (	  akoestische	  analyse	  )	  alsook	  subjectieve	  onderzoeksmethoden	  (	  perceptuele	  evaluatie	  )	  
werden	   gebruikt.	   De”	   tevredenheid	  met	   het	   singulier	   implantaat	   was	   zeer	   hoog	   (100%)	   ,	   gevolgd	  
door	   een	   tevredenheid	   van	   87%	   voor	   de	   vaste	   implantaatgedragen	   prothetiek	   en	   68%	   voor	   de	  
uitneembare	   prothese.	   De	   resultaten	   van	   de	   fonetische	   analyse	   toonden	   een	   normale	  
verstaanbaarheid	   en	   oromyofunctioneel	   gedrag	   in	   de	   3	   groepen.	   Slechts	   1	   type	   van	  
articulatiestoornis	  werd	  geobserveerd	   in	  de	  singuliere	   implantaat	  groep	  gevolgd	  door	  3	  types	   in	  de	  
uitneembare	  prothese	  en	  6	  types	  in	  de	  implantaatgedragen	  groep.	  In	  deze	  laatste	  groep	  vertoonden	  
niet	  minder	  dan	  87%	  van	  de	  patiënten	  stoornissen	  met	  1	  of	  meerdere	  medeklinkers.	  De	  /s/	  klank	  was	  
verstoord	  in	  meer	  dan	  50%	  van	  alle	  groepen.	  	  
	  
De	  algemene	  discussie	  van	  dit	  proefschrift	  is	  weergegeven	  in	  hoofdstuk	  11.	  Het	  geeft	  een	  overzicht	  
van	   de	   verschillende	   klinische	   studies	   in	   relatie	   tot	   de	   doelstellingen	   en	   plaatst	   de	   uitkomst	   in	  
perspectief	   ten	   opzichte	   van	   de	   beschikbare	   wetenschappelijke	   literatuur.	   Het	   leidt	   tot	   algemene	  













De	  algemene	  conclusies	  van	  dit	  proefschrift	  zijn:	  
	  
1/	  Wanneer	  BoneCeramic™	  gebruikt	  wordt	   in	   technieken	   voor	  botbehoud	  na	   tandextracties,	   dient	  
men	  rekening	  the	  houden	  met	  de	  slechte	  resorptie/substitutie	  van	  het	  biomateriaal.	  Zeker	  indien	  op	  
een	   later	   tijdstip	   dentale	   implantaten	   geplaatst	   worden.	   Verder	   onderzoek	   naar	   de	   biologische	  
mechanismen	   en	   de	   klinische	   voordelen	   op	   lange	   termijn	   van	   dit	   botvervangend	   product	   of	   de	  
beschreven	  procedure	  zijn	  aangewezen.	  
	  
2/	  De	  globale	  kwaliteit	  van	  dierexperimentele	  studies	  met	  relatie	  tot	  sinuslift	  procedures	  is	  slecht	  en	  
vaak	  worden	  deze	   experimentele	   studies	   niet	   gevolgd	   door	   humane	   studies.	  Goed	   gecontroleerde	  
prospectieve	   humane	   studies	   in	   de	   literatuur	   zijn	   zeldzaam.	   De	   terminologie	   gebruik	   in	   de	  
experimentele	  studies	  is	  soms	  verwarrend	  en	  niet	  uniform	  of	  onduidelijk.	  
	  
3/	  Doordat	  de	  oppervlakten	  van	  de	  nieuwe	  generatie	  dentale	  implantaten	  verbeterde	  eigenschappen	  
hebben	   wordt	   het	   overlevingspercentage	   van	   deze	   implantaten	   niet	   langer	   beïnvloed	   door	   de	  
implantaatlengte	   en	   –diameter,	   het	   tijdstip	   van	   plaatsing	   (	   immediaat,	   vroeg-­‐	   of	   laattijdig)	   na	  
extractie,	  implanteren	  in	  natuurlijk	  genezen	  bot	  of	  opgebouwd	  bot.	  De	  enige	  factor	  van	  belang	  voor	  
de	   klinische	   overleving	   van	   het	   implantaat	   is	   de	   belasting.	   In	   de	   toekomst	   dienen	   de	  
implantaatprotocollen,	  zoals	  vroeger	  beschreven,	  gereviseerd	  te	  worden.	  
	  
4/	  Bij	  het	  toepassen	  van	  implantaattechnieken	  in	  gesloten	  veld	  en	  onder	  computergeleiding	  dienen	  
clinici	   zich	   bewust	   te	   zijn	   van	   de	   veiligheidsmarge	   voor	   botvolume	   en	   ten	   opzichte	   van	   vitale	  
structuren.	   In	   de	   toekomst	   dient	   absoluut	   nog	   verder	   onderzoek	   te	   gebeuren	   naar	   het	   blijvend	  
botverlies	   op	   lange	   termijn	   bij	   het	   “all-­‐on-­‐four”	   concept,	   gezien	   dit	   mogelijks	   kan	   wijzen	   op	  
overbelasting	  of	  aspecten	  gerelateerd	  aan	  het	  design	  van	  het	  implantaat.	  
	  
5/	   Retrospectieve	   studies	   tonen	   aan	   dat	   immediate	   belasting	   van	   implantaten,	   geplaatst	   in	   een	  
volledig	   edentate	   kaak,	   succesvol	   is	  mits	   een	   goede	   primaire	   stabiliteit,	   het	   rigide	   spalken	   van	   de	  
implantaten,	   een	   goed	   gebalanceerde	   occlusie-­‐	   articulatie	   en	   een	   goede	   klinische	   selectie	   van	   de	  
patiënt.	  Algemeen	  kan	  gesteld	  worden	  dat	  de	  overlevingsgraad	  van	  implantaten	  hoog	  is.	  De	  impact	  
van	  het	  onmiddellijk	  belasten	  op	  het	  remodelageproces	  van	  het	  alveolaire	  bot	  lijkt	  verwaarloosbaar.	  
De	  botresorptie	  in	  opgebouwd	  kaakbot	  is	  echter	  meer	  uitgesproken	  en	  daarom	  dient	  deze	  procedure	  
correct	  geïndiceerd	  te	  worden.	  
	  
6/	  Gebaseerd	  op	  de	  5-­‐jaars	  prospectieve	  studie	  bedraagt	  het	  overlevingspercentage	  van	  onmiddellijk	  
belaste	  implantaten	  97	  %	  met	  minder	  dan	  3%	  peri-­‐implantitis.	  Het	  zogenaamde	  gunstige	  effect	  van	  
het	  “nano”-­‐implantaatoppervlak	  	  wordt	  echter	  niet	  bevestigd,	  noch	  op	  botniveau	  noch	  op	  niveau	  van	  
de	   weke	   delen.	   Anderzijds	   is	   er	   geen	   aanwijzing	   dat	   het	   “nano”-­‐oppervlak	   nefaste	   gevolgen	   zou	  
hebben	  voor	  de	  genezing	  of	  gezondheid	  van	  de	  weke	  delen.	  
	  
7/	   Met	   humane	   histologie	   werd	   aangetoond	   dat,	   onafhankelijk	   van	   het	   implantaatoppervlak,	   de	  
integratie	   van	  een	   implantaat	   in	   sinusgeaugmenteerd	  bot	   slecht	   is.	  Bijgevolg	   rijst	  de	  vraag	  of	  deze	  
veelvuldig	  toegepaste	  methode	  niet	  beperkter	  geïndiceerd	  dient	  te	  worden.	  Indien	  men	  implantaten,	  
geplaatst	   in	   een	   kritisch	   botvolume,	   onmiddellijk	   wenst	   te	   belasten	   kan	   overbelasting	   of	   foute	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belasting	   een	   mogelijke	   risicofactor	   zijn	   voor	   faling	   of	   verantwoordelijk	   zijn	   voor	   een	   ongunstig	  
niveau	   van	   bot-­‐implantaat	   contact.	   Meer	   onderzoek	   is	   nodig	   naar	   een	   duidelijke	   indicatiestelling	  
voor	  sinusliftprocedures,	  al	  dan	  niet	  met	  het	  plaatsen	  van	  implantaten	  en/of	  onmiddellijke	  belasting.	  
	  
8/	  De	  patiëntentevredenheid	  scoort	  het	   laagst	  bij	  volledige	  uitneembare	  prothesen	  en	  scoort	  hoog	  
bij	   vaste	   prothetische	   rehabilitatie	   op	   4	   implantaten.	   Dit	   ondanks	   het	   gegeven	   dat	   de	   patiënten	  
duidelijke	  spraakproblemen	  ervaren.	  Er	  worden	  duidelijk	  meer	  spraakproblemen	  vastgesteld	  bij	  het	  
prothetisch	  herstellen	  van	  een	  volledige	  tandenboog	  in	  vergelijking	  met	  het	  vervangen	  van	  één	  tand.	  
Het	   aantal	   implantaten,	   de	   locatie	   van	   de	   implantaten,	   de	   inclinatie	   van	   de	   implantaten	   en	   het	  
volume	  van	  het	  abutment	  kunnen	  een	  belangrijke	  rol	  spelen	  in	  de	  positionering	  /ruimte	  van	  de	  tong	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Dit	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  moment	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  uitvoerig	  mijn	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  uit	  te	  spreken	  voor	  iedereen	  
die	  mij	  op	  enige	  wijze	  heeft	  geholpen	  met	  het	  tot	  stand	  komen	  van	  dit	  proefschrift	  en	  om	  dit	  werk	  te	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  het	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  wist	  op	  te	  monteren	  in	  de	  “down”momenten.	  
En	  tenslotte	  Jille,	  mijn	  lieve	  grappige	  echtgenoot,	  voor	  je	  niet	  aflatende	  liefde	  en	  dat	  je	  me	  altijd	  laat	  
voelen	  dat	  je	  zo	  trots	  op	  me	  bent.	  
	  
	  
	  
	  
Bedankt	  allemaal!	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